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ABSTRACT 
The Agdabia Trough and Soluq Depression are the northeastern parts of the Sirte Basin on the passive 
continental margin of north Africa. They contain a thick succession of Upper Cretaceous and Tertiary sediments 
of varying lithology from marine shales to shelf carbonates. This research project aims to recognise and 
understand the relationship between lithology, stratigraphy and structural setting across the hinge-zone area 
between the Sirte Basin and Cyrenaica Platform to the northeast. This is the first time that the Tertiary 
sedimentary rocks in the northeastern Sirte Basin have been the subject of detailed structural and stratigraphic 
investigation. The systematic approach through geological and geophysical interpretation using seismic 
reflection data, aided by synthetic well data, is the most suitable way to attain the research objectives, especially 
since the study area has only a few real wells. This study integrates structural interpretation of seismic data, 
velocity analysis, depth conversion, seismic sequence stratigraphy, well correlation and porosity and subsidence 
analysis. 
Interpretation of the structural features seen on the seismic sections and their mapping with relation to 
geological time has defined the structural history in the east Sirte Basin. All the depositional sequences dip 
toward the southwest (basin direction) and faults are the most prominent structure in the area. Most faults are 
normal, trending NW-SE with downthrow towards the basin. Velocity analysis has been carried out as a useful 
tool for local stratigraphic interpretation and lithology evaluation and also for the conversion of two-way time to 
depth to the top of each sequence. The differences between seismic derived velocity, check-shot and sonic log 
velocities have been examined to establish the effect these differences might make in the determination of the 
true velocity distribution. Average velocity and interval velocity maps have been constructed for each sequence. 
Time to depth conversions for complex models including laterally variable velocities and reflector structure have 
been made. This depth-conversion method results in depth maps with exact well ties and geologically reasonable 
depth estimates away from wells. 
By applying seismic sequence stratigraphic techniques in the area, depositional environments are 
interpreted, using the resultant facies analysis and the characterisation of reflections. Special consideration is 
given to the principle of seismic sequence stratigraphy analysis of carbonate depositional systems. The 
examination of rimmed and ramp carbonate shelves, and good geological and geophysical datasets, allows the 
response of the carbonate system to morphology and sea level fluctuation to be studied in a sequence 
stratigraphic framework. The Tertiary stratigraphic section is subdivided into nine seismically definable 
depositional packages, separated by basinwide sequence boundaries. 
In order to evaluate whether under- or over-compaction occurs within the rock column, models of normal 
compaction trends have been compared with observed trends. The observed porosity-depth trends correlate 
closely with the normal ideal compacted sequence of each lithology indicating normal compaction in the rock 
column. A backstripping technique has been used on all real and seven pseudo wells to model basement 
subsidence and to investigate subsidence rates in different tectonic settings within the basin through time. In 
order to better understand the tectonic framework of the hinge-zone area and its overall effect on sedimentation 
patterns, the possible tectonic subsidence rate has been analysed from the Upper Cretaceous to Middle Miocene 
times. The subsidence rate generally decreases with time, as would be expected at a rift basin margin for which 
cooling and thickening of the lithosphere is the primary subsidence mechanism. Forward seismic modelling was 
carried out to test models of sedimentary geometries, facies and physical properties for the Upper Eocene Wadi 
Bakur Formation, which is a potential hydrocarbon target in the Soluq Depression. The modelling is used to help 
in recognising the seismic expression of the geology of the interval and the extent and variation of geology away 
from the well locations. The variation is consistent with development of shallow water carbonates in the northeast, 
and less pure carbonate towards the southwest. 
This research has improved understanding of the relationship between the stratigraphy, structural setting 
and rock properties across a hinge-line structure at a rift basin margin. It indicates the influence of pre-existing 
structure, and the basin-forming mechanism, on the distribution of the Tertiary succession. The sedimentation 
patterns within the area have been controlled by complex tectonic activity associated with thermal subsidence 
together with global sea level fluctuations. The fault-controlled structural and stratigraphic changes at the hinge- 
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tine in a carbonate dominated depositional setting have lead to the development of a relatively deep platform 
area, with predominant deposition of limestones and shales. An abrupt change in thickness and lateral facies 
variation within most depositional sequences occurs at the hinge-line. 
Through the depositional model of the study area, the research contributes a better understanding of 
sedimentation in the southern Mediterranean basin during Tertiary time, and helps to increase knowledge of the 
evolution of the Tethys to the present-day Mediterranean at its southern margin. This study indicates that the 
continental margins of the southern Mediterranean were the sites of extensive colonisation by carbonate 
platforms that developed from Late Mesozoic to Miocene times. The study also has shown the presence of 
potential hydrocarbon traps, which is significantly encouraging for further hydrocarbon exploration in the area. 
A number of reflection anomalies within the Palaeocene sequence were identified, and their impact on the 
analysis was clarified. Evidence for discrete mounds of more diffuse seismic character have been seen in the 
northeastern part of the area. These mounds are interpreted as reefal buildups forming towards the basin margins 
on a carbonate platform during the early Palaeocene time. 
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The Sirte Basin is a rift basin that has developed from block faulting and large-scale 
subsidence during the Late Cretaceous. Not dissimilar to the North Sea, the Sirte Basin 
was created by fracturing and collapse of an old eroded basement, and is characterised by 
a series of tilted horsts and grabens. By the end of the Palaeocene the major tectonic 
rifting event which formed the basin had virtually cased. The subsequent history of the 
basin was on a much gentler scale and represented the post-rift depositional phase of 
basin development. 
The Sirte Basin lies on the southern margin of the Mediterranean basin (Fig. 1.1), and 
contains up to 7 km of Cretaceous and Tertiary sediment. The Tertiary section on the 
eastern margin of the basin mainly consists of a carbonate succession that developed in 
response to subsidence and widespread Tethyan transgression following rifting. The 
sediments that form carbonate platforms contain a record of vertical and horizontal 
tectonic effects, sea-level change, and palaeoclimatic and palaeoceanographic variation, 
as a result of their dominantly biological shallow water origin. 
The area under investigation can be subdivided into southern and northern parts. 
These two parts illustrate different geological conditions. The southern part mostly 
represents the hinge-line area between the Sirte Basin (Agdabia Trough) and Cyrenaica 
Platform (Soluq depression) (Fig. 1.3). The northern part mostly lies on the Cyrenaica 
Platform. The work of this research project focuses on structural interpretation and 
seismic sequence stratigraphy, well correlation and subsidence and porosity analysis 
10 	 15 	 20 





Area of 	AL AKI-IDAR 
Study F. 
CYRENAICA 
CHADAMES 	 PLATFORM 
BASIN 
A 










100 	 300 	 500KM 





Fig. 1.1 Location map of the study area, and the major sedimentary basins in Libya. 
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for the Tertiary sedimentary succession in these areas. 
In this research, the availability of a good database as a result of hydrocarbon 
exploration in the area allows: (i) study of the platform-basin relationship in a carbonate 
setting, (ii) contribution to knowledge of Mediterranean basin, (iii) improved hydrocarbon 
exploration knowledge base in the eastern margin of the Sirte Basin. In addition, the 
availability of seismic and well data provided the opportunity for testing different 
techniques such as seismic and sequence stratigraphy, porosity and subsidence analyses 
which are used for the first time in the area. 
1.1.1 Carbonate platform at rift basin hinge-line 
The carbonate platform on the eastern margin of the Sirte Basin contains a record of 
complex interactions between the factors that controlled carbonate platform deposition 
during the Tertiary. Evolution of this carbonate margin is an excellent example since it 
clearly shows how the history of this type of margin is dominated by interaction between 
regional effects, and governed by thermal subsidence consequent upon extension. The 
location of the platform margin in a passive-margin setting was probably influenced by 
large-scale crustal structural patterns created during rift-related extension. The hinge-line 
is a fundamental structural boundary in the basin margin model that may influence 
platform growth. The shelf edge is the most sediment-starved part of the margin, and 
given suitable climatic conditions, carbonate deposition can occur at rates equal to 
subsidence thus maintaining and building the platform. The available post-rift cover in 
the area allows a comparison between the subsidence of the two sides of the hinge-line. 
The major facies and stratigraphic relations of several carbonate sequences are examined 
and discussed in terms of platform construction and the dominant factors that influenced 
patterns of sedimentation and the production of carbonate. 
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1.1.2 The area as a part of the Mediterranean basin 
Relatively little research has been carried out on the late stage of the development of 
southern Mediterranean margins, and the sedimentary sequence formed after the cessation 
of faulting. The strata in the eastern Sirte Basin exemplify important sedimentary and 
tectonic processes, related to the carbonate platform margin in the southern 
Mediterranean. The study of the carbonate platform along the eastern margin of the Sirte 
Basin provides a model for the evolution of passive-margin platforms in this part of the 
Mediterranean. In the Tertiary succession, pelagic deposits are particularly frequent along 
the southern continental margin of the Tethys, and this may be related to and conditions 
along the African margin, where evaporites and shallow-water carbonate predominate. 
The study of the geological and structural characteristics of this basin are important for 
understanding the movements of the African and Eurasian plates and the history of 
interaction between them. 
1.1.3 Exploration for hydrocarbon deposits 
The Sirte Basin represents the largest concentration of hydrocarbon reservoirs in 
North Africa. For almost four decades the exploration for hydrocarbons in Libya has been 
concentrated in the central and western parts of this basin. The exploration activities in 
those areas have led to the discovery of large petroleum deposits distributed over several 
giant oil and gas fields. The largest hydrocarbon trap types, the intrabasinal highs and the 
basement highs, were discovered early in the exploration history of the basin, whereas 
little exploration effort has been focused on stratigraphic traps. 
Moreover, less attention has been given to hydrocarbon research in the eastern part of 
the Sirte Basin and, consequently, to the evaluation of sedimentary sequences of the 
shallow palaeocontinental shelf areas, including that of NE Libya. In the last decade 
attempts to develop the petroleum resources have been increased in this part of the 
country. The existence of multiple sedimentary cycles with corresponding source, 
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reservoir, and seal rocks ranging in age from Upper Cretaceous to Miocene, suggest that 
exploration for hydrocarbons in this region could be potentially very successful. 
The history of exploration in NE Libya includes geological and geophysical surveys 
that date back to the 1960's, specifically by the Shell Oil Company. A total of 22 wells 
have been drilled in the area. Unfortunately, none of those wells have produced economic 
amounts of hydrocarbons. It is thought that the cause of this apparent lack of 
hydrocarbons is due to low reservoir permeability. However, poor understanding of either 
facies distribution or the depositional environments, which facies represent, may be 
another factor affecting the evaluation of hydrocarbon prospectivity in the area. 
During mid 1980's, AGOCO inherited those areas previously held by Shell. Since 
then, detailed geophysical surveys have been undertaken and a number of boreholes 
drilled. After relatively few years of exploration in those areas, oil has been found in 
carbonate rocks of the Upper Eocene sequence. The most important of these are the Wadi 
Bakur nummulitic carbonate banks of Upper Eocene age. Reservoir distribution and 
quality is not restricted to this unit, but the recent drilling in this area (1997) indicates that 
the Palaeocene limestones offer a good target for petroleum exploration. To date 
AGOCO has drilled four exploratory wells since the beginning of its exploration 
campaign, two of these produced oil. These discoveries have encouraged further 
extensive exploration. Better understanding of the stratigraphy in the eastern margin of 
Sirte Basin, may help to determine the prospective lithostratigraphic unit for hydrocarbon 
potential by identifying potential structural-stratigraphic traps. The need for a better 
general understanding of the geology of the exploration area has been one of the 
motivations for this study. 
1.2 History of previous work 
The eastern continental margin of the Sirte Basin provides an excellent setting for 
addressing the topics mentioned above. Published and unpublished research relevant to 
the project essentially comprises papers concerned with regional assessments, and 
confidential work completed by oil companies. Many general studies have been carried 
out on the geology of Sirte Basin, and Cyrenaica region. Conant & Goudarzi (1967), Barr 
(1972), Burke & Dewey (1974), Van Houten (1983), and Anketell & Ghellali (1991) have 
discussed the main tectonic development of the Sirte Basin. Gumati & Narin (1991) and 
Gumati & Kanes (1985) analysed the subsidence and sedimentation rates of the Sirte 
Basin and their relation to facies distribution. They suggested the maximum subsidence 
of the Sirte Basin occurred during Palaeocene and Eocene time. Tertiary rocks in the 
Sirte Basin have been studied and described by Berggren (1969, 1974), who divided the 
sequence into a number of stratigraphic units. The subsurface Palaeocene of the Sirte 
Basin has been described by Conely (1971) who concluded that the sedimentary sequence 
in the subsurface was equivalent to that in outcrops. Anketell (1996), who proposed a 
model of structural development for the Sine Basin and adjacent areas, has reported detail 
work on structure in the onshore regions of the Sine Basin. 
In NE Libya, most of the geological studies have concentrated on the outcrops in the 
Al Jabal Al Akhdar region (Fig. 1.1). Rohlich (1974) described the principle stratal 
features and evaluated the tectonic development of Al Jabal Al Akhdar exposures. Barr 
and Hammuda (1971) studied the basal part of the Lower to Middle Eocene rocks in Al 
Jabal Al Akhdar area and noted that the lower boundary is an unconformity with 
underlying Upper Cretaceous rocks. El-Amauti and Shelmani (1985) studied the 
stratigraphy and structural development of the Palaeozoic and Mesozoic in the subsurface 
of the Cyrenaica Platform. The previous research work of the subsurface geology in the 
Soluq Depression has been carried out mostly by oil companies. Results of these studies 
have been presented in a number of unpublished reports. 
1.3 Aims of the research and objectives 
The Tertiary sedimentary successions in the eastern Sine Basin have not yet been the 
subject of detailed seismic stratigraphic investigation. The immediate objective of the 
present research is to better understand the structural, stratigraphic and sequence variation 
in the Agdabia Trough and the Soluq Depression, parts of the northeastern margin of the 
Sine Basin, and western Cyrenaica Platform. The project will correlate the Tertiary of the 
east Sine Basin margin, and examine the role of tectonism in the deposition and 
preservation of strata in a post-rift basin. The research will interpret and map the seismic 
reflection sections from a structural viewpoint, in order to increase our understanding of 
the geological history of the area. In addition, the aim is to carry out seismic 
interpretation of the Tertiary sedimentary sequences in the area, in terms of seismic 
sequence stratigraphy analysis, in order to establish the palaeo-depositional environment 
and to aid in the identification of lithology. This will help to increase our knowledge of 
the tectonic setting of the eastern margin of the Sirte Basin, and construct a regional 
seismic-stratigraphic framework. 
A principle scientific objective of the project was to recognise and identify the 
relation between the structure and stratigraphy across the hinge-line between the Sirte 
Basin and Cyrenaica Platform. The research will help to determine the controls on basin 
deposition during the post-rift, thermal subsidence phase of passive margin and basin 
evolution in a carbonate setting (Fig. 1.2). The calculation and review of subsidence 
history of the basin may help to identify the influence of the hinge-line on the distribution 
of sedimentary facies throughout the sequences. A number of specific questions will be 
addressed such as: how are these facies distributed both spatially and temporally, what is 
the influence of the hinge-line at a basin margin with regard to platform growth, and what 
are the dominant factors that influenced patterns of sedimentation and the production of 
carbonate? 
The other objective is to make a contribution to understanding the sedimentation in 
the south Mediterranean basins during the Tertiary period. This is relatively poorly 
studied part of the Mediterranean basin and yet the geological history of the area will 
illustrate that of the northern Africa continental margin as it drifts northwards towards 
collision with Europe. A palinspastic reconstruction of such a margin from the products 
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Fig. 1.2 Possible structures at carbonate margins across a hinge-line, a) open shelves, 
and b) rimmed shelves. 
Furthermore, the work may have economic benefits to the petroleum industry in form 
of a predictive tool for future locations of hydrocarbon prospectivity. This research study 
has been proposed to determine possible prospective facies along the eastern flank of the 
Sirte Basin, using the seismic stratigraphic technique. It is also proposed to determine the 
seismic stratigraphic signature of the nummulitic bank of Wadi Bakur Formation, which 
is a potential hydrocarbon target in the area. 
1.4 Location of the study area 
The area under investigation is located on concession NC129 of AGOCO which is 
positioned in the northeastern part of Libya, and encompasses approximately 8400 km 2 . 
Geographically, the area of concession NC 129 is positioned between latitude 30° 40' and 
31° 45'N and between longitude 20° 00' and 200  50'E. The coast of the Mediterranean 
Sea bounds the study area on the west (Fig. 1.1). 
Geologically, the area comprises on two major tectonic elements, the Sine Basin and 
Cyrenaica Platform. It approximately lies on a hinge-line between the Mesozoic-Tertiary 
Sirte Basin to the west and the stable Cyrenaica Platform to the east. The Agdabia 
Trough forms the most eastern part of the Sine Basin, while the Soluq Depression is the 
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Fig. 1.3. Geological cross section across the Site Basin (redrawn from NOC, 1981) 
1.5 Nature of the database 
A considerable amount of data and information has been collected, which has made 
possible this type of academic research. The Exploration Department of AGOCO has 
supplied the data available for this research. Well information from twelve boreholes and 
geophysical data from two large seismic survey programmes, form the basis of this study. 
The Tertiary and Upper Cretaceous sediments in the study area have been penetrated by 
numerous hydrocarbon exploration wells. During the last four decades a number of 
regional and local geological studies in the Sirte Basin have been published and can be 
integrated with the new interpretations. Geophysical and geological data are generally 
composed of well log data, well final reports, internal geological reports, and seismic 
reflection profiles. The gathered data includes the following types. 
1.5.1 Well database 
The data includes well logs for 12 wells scattered through the investigated area, 
ranging in total depth from 2190 to 4288 m. Eight wells were drilled by the Shell Oil Co. 
at the beginning of 1960's, while the other four wells were drilled by the Exploration 
Department in AGOCO between 1990 and 1997. These wells are carefully analysed, and 
formation tops were picked and converted from feet to the metric system. A set of logs 
for each well in the area was obtained. These well data include sonic logs, gamma ray, 
lithological logs, and well velocity surveys or check shot. The sonic logs are available for 
all investigated wells and used for velocity measurements and porosity analysis. Gamma 
ray is also available for all the wells and is used for sequence stratigraphy to identify 
lithological interfaces in well correlation. All logs and tops were referenced to the 
seismic datum (sea level). 
These logs.are in the form of paper hard copies as well as in digital format. The sets 
that are in paper copies include the sonic log, gamma ray, and spontaneous potential and 
final composite log that summarise the lithology of each penetrated rock unit. Also, the 
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sonic and gamma ray logs for each of these wells are in digital format. The raw digitised 
data was processed to give depths and readings corresponding to the scale of the original 
paper logs. The digital data for each well was sampled at a minimum resolution of 1 ft, 
and in some cases to a resolution of 1/2 ft. This spacing was sufficiently small to ensure 
that sharp changes in the gradients of the curves would not be missed. However, it was 
helpful to re-sample the logs to produce a suitable scale for well correlation and ties to the 
seismic section. Furthermore, the digitised logs are in a suitable form to facilitate further 
processing, such as porosity and velocity determination. 
Well velocity survey logs are available for all wells, which are in the form of check 
shot survey records for old wells, and well seismic surveys for the recent wells. The well 
velocity data is considered S the most reliable source of velocity information, which 
helps calibrate the seismic velocities and sonic log derived velocities. From the velocity 
log records it was possible to convert well depths to times, and the times were used to tie 
seismic reflection across the basin. Geological and geophysical internal reports of wells 
containing the formation tops and corresponding times, are available. Regional 
geological information has been of significant assistance in understanding the local 
geology of the area. 
1.5.2 Seismic reflection database 
The seismic data represent the best tool for determining basinward-changing 
stratigraphy at the eastern Sirte Basin margin. Although there is a large amount of 
seismic data resulting from a long period of geophysical exploration, there is very little in 
the way of published reports resulting from formal geophysical research studies. More 
than 2315 km of multi-channel seismic profiles were available for interpretation in this 
research. Two seismic surveys were carried out in the area of study. The northern and 
southern seismic surveys are characterised by a very smooth terrain over all the area. The 
terrain of the area is nearly flat gravel-covered, which is ideal for Vibrosies source 
operation. However, a topographic map of the investigated area displays a slight dipping 
of the ground surface towards the west (Fig. 1.4). Survey 1987 was designed to cover the 
southern part of the area, while the northern part is covered by survey 1989. The seismic 
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Fig. 1.4 Topographic map of the study area. 
lines, in these surveys, were designed to pass across wells sites, in order to get the best 
calibration between seismic and well data. The data from these surveys were obtained in 
the form of paper seismic sections with two different scales. 
Survey 1987: The first seismic data set, including 30 multi-channel seismic 
reflection profiles, has been used in structural and stratigraphic interpretation in the 
southern part of concession NC129. This data was acquired by AGOCO in 1987. The 
acquisition and processing was done by Prakla-Seismos (now Geco-Prakla). The seismic 
acquisition and processing parameters are reported in Chapter 3. Reflection seismic lines 
'fri 
are oriented in a NW-SE and NE-SW direction. The seismic survey is basically a 2.5 x 
2.5 1cm grid, with more open spaced lines over the area toward the northeast. The data 
quality, for the purpose of seismic stratigraphic interpretation, is good. 
Survey 1989: This seismic data were collected during 1989 from the northern part of 
concession NC129. About 1300 km of seismic lines spaced 2 to 4 km apart was acquired 
by AGOCO. This data set was shot by the Bulgarian Oil Company (BOCO) throughout 
the northern part of the area, and processed by the Seismic Processing Centre of AGOCO. 
The acquisition and processing sequence parameters of this survey are illustrated in 
Chapter 3. This data were shot in NW-SE and NE-SW directions. The survey direction 
follows the previous survey direction, which reflected knowledge that the primary 
structural trend was northwesterly. The data quality in this set ranges from good to poor. 
The poor quality of the data in this part of the area may be attributed to the karst holes 
near the surface and rapid lateral variation in platform lithology. 
The seismic data over the studied area pointed to a basin-to-shelf depositional setting 
In such an area, lateral and vertical changes in geology are expected to reflect different 
depositional environments. In order to evaluate the lateral geological variations, and to 
control the distance between the expected major features of the area, a close seismic line 
spacing was chosen in both surveys. The seismic grid lines are parallel to the regional dip 
and strike in the area. The seismic lines codes, lengths, directions and locations are 
illustrated in Fig. 3.1. Different scales of shot point maps have been prepared to use as 
base maps for seismic structural and stratigraphic interpretation. Those maps cover all of 
concession NC129 and the areas around it. Also, digitised copies of these base maps are 
available, which were prepared in the Survey Section in AGOCO. 
1.6 Methodology 
Several research methods and techniques have been used in this study to process the 
available data to achieve the aims set out above. The following section only summarises 
the approaches that were used to achieve the objective of this study. More detailed 
descriptions of these methodologies are provided in chapters detailing their use. 
WI 
Seismic interpretation. This study focuses on seismic reflection interpretation of the 
Tertiary sedimentary succession, where nine seismic sequences are traced and contoured. 
TWT, calculated from well velocity surveys (or sonic log integrated time), has been used 
for linking wells and seismic profiles. Integrated times have been calculated from the 
sonic log interval transit times, using a FORTRAN program. Then seismic reflectors are 
correlated with lithological variation at various levels of the sub-surface strata, and are 
tied to the gamma ray and sonic log as a further aid to lithostratigraphic correlation. 
Seismic event identification is based upon the relationship of the well control to the 
seismic data, together with the evaluation of the seismic boundary condition according to 
the principles of seismic stratigraphy. Faults can be recognised on seismic section by 
using criteria such as discontinuity of events, diffraction, and abrupt change in dip. The 
magnitude of the faults and the nature of their discontinuities, are demonstrated in a series 
of structural maps of the top of each mappable sequence. 
Once the seismic sequences of interest have been picked on the seismic section, 
selected markers are digitised. Because of the large amount of data, computerised 
digitising has been carried out. Z-CAP in the ZYCOR software system has been used for 
this purpose. After the two-way time is digitised, the data can be more easily handled and 
is ready to generate different types of maps. Again Z-MAP has been used in this 
contouring. The data is scaled and converted to two-way time values versus shot point, 
which are then gridded and interpolated to a uniform specified shot point increment. 
Finally, the structural time contour maps for each horizon have been constructed. 
Velocity analysis. The velocity data available for this analysis consist of well 
velocity surveys (check shot data), sonic log measurements, and seismic stacking 
velocity (RMS velocity). The analysis begins by determining the velocity from these 
three different sources of data. Then results comparison is performed between the 
velocities derived from the seismic reflection data and those derived from the sonic 
logging and well velocity surveys in the boreholes. 
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For estimation of the velocity function for points at an identified subsurface location 
of interest, it will be necessary to interpolate the stacking velocity value at the sequence 
boundary from velocity events above and below. To deal with the interpolation of this 
huge amount of stacking velocity data, a FORTRAN program has been written. Also, 
interval velocity within the picked horizon is calculated using the Dix equation. Another 
FORTRAN Program has been used to re-calculate the interval velocity within each 
depositional sequence. The seismic reflection velocity has been calibrated using 
velocities derived from well data to remove unrealistic velocity variations. 
Velocity mapping and depth conversion. After the final calibration of both average 
and interval seismic reflection velocities, the data was exported to a UNIX workstation. 
Velocity data was read off from the seismic profile and then posted to a shot-point 
location map. Z-MAP Plus mapping and modelling system software is used for this 
purpose. Average velocity and interval velocity maps have been constructed. Depth 
conversion of the seismic reflection data has been done for the area of study. Depth map 
for each depositional sequence has been constructed. 
Seismic stratigraphy. The method involves subdivision of seismic sections into 
chronostratigraphically significant units based on consistent patterns of reflector 
terminations. Determining the boundaries of a seismic sequence was based on regional 
interpretations of all available seismic data. The sequence stratigraphical significance of 
these boundaries is assessed later, in conjunction with well data and current carbonate 
sequence stratigraphic models. Based on the internal seismic reflection parameters such 
as the configuration, continuity, amplitude, frequency, interval velocity and external form 
of each seismic facies, the seismic sequences were analysed and mapped. Seismic facies 
were later used to predict lithological and stratigraphic variations within sequence, based 
on their particular position within the sequences, lateral relationships to other seismic 
facies, and the nature of their boundary surfaces. Isopach maps and cross sections were 
prepared for various lithostratigraphic units to demonstrate the lateral and vertical facies 
distribution. 
Porosity analysis. From sonic log interval transit-time from ten boreholes, the 
porosity has been estimated. To determine the porosity more precisely, very detailed 
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lithology in each well was quantitatively studied from composite lithological logs. The 
porosity analysis in this study is based on a comparison between the observed shale and 
limestone porosity-depth regression curves with regression curves from measurements on 
typical shales and limestones, which are believed to have normal depth of burial. The 
difference between the two curves may allow the identification of any depth of burial 
anomalies through the rock columns and explain departures from normal seismic velocity 
gradients. 
Backstripping. Backstripping is a quantitative technique in geological analysis of 
sedimentary basins, in which subsidence of the sedimentary basin caused by sediment and 
water loading is separated from that caused by tectonic driving force. Based on composite 
logs, all the chronostratigraphic units were simplified. Because of the lack of correct 
information about the Upper Cretaceous thickness and exact lithology, a number of 
sensitive tests have been worked out in this analysis. 
The information on fluctuation in water depth through time is obtained from 
micropalaeontological studies of sedimentary facies and relevant geological information. 
Using the available seismic data, a number of pseudo-wells have been constructed and 
then backstripped. A set of graphs illustrates basement subsidence and sedimentation 
rate. These methods required the use of a in house computer program to assess the 
decompaction in the lithostratigraphic units. 
Two-dimensional seismic modelling. Synthetic seismic profiles were constructed for 
a sequence of reflecting interfaces along seismic lines using well data as controls. The 
technique involves comparing the lateral stratigraphic variations in the model section with 
the actual seismic record. Actual and synthetic seismic sections were used to analyse the 
seismic attributes of facies changes. The input data are values of depth, velocity and 
density for each rock unit at each control point (well). Each reflecting interface produced 
a reflection proportional in magnitude and sign to the reflection coefficient series. This 
was convolved with a suite of wavelets in order to match the character of actual data. 
"Synthsec" is the seismic modelling software program used in this modelling. 
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1.7 Thesis structure 
Chapter 1: This chapter has given a general introduction to the area and presents a 
background on previous work that has been undertaken. This chapter also defines the 
objectives, data preparation and methodologies of this research. 
Chapter 2: This chapter explains the regional geology and tectonic setting both of 
the Sirte Basin and Cyrenaica region, and gives general information on the geology of the 
Mediterranean region. The relationship between the geology of the investigated area and 
that of the Mediterranean is also discussed in this chapter. 
Chapter 3: This chapter deals with interpretation of structural features seen on 
seismic sections, and mapping of these features at intervals through geological time in 
order to define a history of the structural evolution in the eastern Sirte Basin and western 
Cyrenaica Platform. It identifies the types of structures present and how structural 
features relate to each other. A structural framework in which to place the facies analysis 
was built in this chapter. 
Chapter 4: Velocity analysis is undertaken in this chapter in order to improve the 
interpretation of seismic reflection data. The determination of velocity from three 
different source data and a critical comparison of these velocities and velocity data 
calibration have been carried out. 
Chapter 5: In this chapter, velocity distribution fields for each depositional sequence 
in the area are calculated, and used to indicate lithologic and stratigraphic changes to help 
to evaluate the geological and tectonic history of the area. Sets of average and interval 
velocity maps are made for each depositional sequence. Also in this chapter, a reliable 
depth to the top of each sequence has been determined by converting travel times, using 
calibrated seismic reflection average velocity information. 
Chapter 6: The concepts and techniques of seismic and sequence stratigraphy as 
applied to the investigated area are reviewed in this chapter. Special consideration is 
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given to the principle of seismic sequence stratigraphy analysis of carbonate depositional 
systems. 
Chapter 7: This chapter explains the seismic sequence stratigraphy of sedimentary 
column in the Agdabia Trough and the Soluq Depression and analyses the influence of 
tectonic subsidence upon sedimentation during the syn-rift and post-rift evolution of the 
basin. Here the depositional environments are interpreted by means of the characteristics 
of the reflections and through correlations between the seismic characteristics and well 
geology. Isopach maps are prepared for the depositional sequence to demonstrate their 
lateral distribution throughout the area of study. 
Chapter 8: This chapter introduces the results and interpretation of the porosity 
analysis of the sequence studied. Porosity has been analysed in order to evaluate whether 
the rock sequence is under- or over-compacted within the rock column through the 
porosity depth relationship, and to evaluate the history of deposition and erosion in 
different sedimentary sequences deposited in the area. Comparison of the observed shale 
and limestone regression lines, with normal porosity-depth models of those lithologies, 
has been done. 
Chapter 9: In this chapter, the backstripping technique is used to model basement 
subsidence through time, and to investigate subsidence rates in the different tectonic 
settings within the area. The possible tectonic subsidence rates have been analysed in 
order to evaluate the tectonic framework of the area and its overall effect on 
sedimentation patterns from Late Cretaceous to Middle Miocene time interval. 
Chapter 10: In this chapter, two-dimensional seismic modelling is used to test 
models of sedimentary geometries, facies and physical properties for the Upper Eocene 
Wadi Bakur Formation, which is a potential hydrocarbon target in the area of study. This 
modelling also includes simulation of the Lower Oligocene sequence (Al Bayda 
Formation and Upper Shale Formation). 
Chapter H. This chapter evaluates the stratigraphy of the Agdabia Trough and 
Soluq Depression areas, based on the results of this research project. The relationship 
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between the stratigraphy and structural setting across the hinge-line in passive margins 
has been discussed in this chapter. Also this chapter evaluates the potential hydrocarbon 
prospects in the area. 
Chapter 12: This chapter presents the conclusions of the research, and suggests 
further research work that could be undertaken in the area. 
It,] 
CHAPTER 2 
Regional Geological Setting of 
NE-Libya and Mediterranean Region 
2.1 Overview of the geology of Libya 
Geologically, Libya lies on the northern continental margin of Africa on the northern 
edge of the African shield, situated between the stable craton in the south and an active 
Mediterranean (former Tethys) area to the north. Libya's geological evolution is 
primarily linked to that of the Palaeozoic basins of the central Sahara, but has also been 
extensively influenced by the late Mesozoic and Tertiary rifts of the eastern 
Mediterranean. The major tectonic elements of Libya are: the Al Hamadah al Hamra 
Basin in the west, Murzuq Basin in the southwest, Cyrenaica Platform in the northeast, 
the Kufra Basin in the southeast, and the Sirte Basin in the centre (2.1). 
Klitzsch (1971) first clarified the regional geological history and the major structural 
elements of the area. The structural deformation of Libya from Precambrian to the 
Present is essentially defined by a differential uplift, subsidence, block faulting, and 
tilting. The area has been subjected to several global tectonic episodes, which defined two 
main sets of faults. The first set formed during the Caledonian Orogeny, dating to the 
early Palaeozoic. This has resulted in several NW-SE trending horsts and grabens. In the 
late Palaeozoic, the Hercynian Orogeny developed the second fault set trending NE-SW 
(Fig. 2.2). Coinciding with the intersection of these two fault trends, there was extensive 
volcanic activity in the late Tertiary. During the Late Cretaceous and early Tertiary, NW-
SE striking block faulting produced a system of grabens and horsts in north central Libya. 
Due to successive transgressions of the Tethyan Sea from the north, several sediment-
filled troughs have formed. 
During late Precambrian-Cambrian times, the fracturing of the north African craton 
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Fig. 2.1. The major sedimentary basins, highs and volcanism in Libya. (Modified from 
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Delort, 1984). 
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the eastern part of north Africa was subject to erosion during this time (Klitzsch & 
Squyres, 1990; Klitzsch, 1996). Fluvio-continental strata, with more or less northerly 
directions of sediment transport, are widespread and reach local thicknesses of several 
hundred meters within areas of Chad and Libya. 
The area was a relatively stable, slowly subsiding, craton during most of Palaeozoic 
time. A NNW-SSE trending structural relief was formed during the Cambro-Ordovicain 
transition (Klitzsch, 1971). This allowed the Ordovician and Silurian sea to transgress far 
to the south and to cover large areas of north Africa. During the Cambro-Ordovicain, a 
thick sequence of sandstones comprising the Gargaf Formation was deposited throughout 
northern Libya. During a warm interval in early Silurian time, organic-rich shale was 
deposited over large areas of Arabia, Libya, Tunisia, and Algeria. These shales became 
the source rocks for large quantities of oil and gas in these areas. During the late 
Carboniferous to early Jurassic, a large E-W trending regional high was created. This 
took place in most of Egypt, and a large part of eastern Libya, from as far north as the 
Cyrenaica platform and eastern parts of the Sine Basin. 
Post-Hercynian structural realignments determined the major depocentres until the 
breakup of Pangea in Jurassic-Cretaceous time (Klitzsch, 1996). Following extensive 
erosion, a late Cenomanian-Turonian Tethyan transgression spread southward into the 
grabens and onto their subdued borderlands. Periodic transgressions of the Neotethys 
Ocean spread across the Sahara platform. This became more widespread as time 
progressed, reaching its maximum in the Late Cretaceous time at the time of high eustatic 
sea level. 
The tectonic phase during the Late Cretaceous-Middle Eocene is related to the 
opening of the north Atlantic, and a corresponding right lateral movement along the north 
Africa margin (Smith, 1971). The Alpine tectonics has resulted in structural uplifting in 
NE Libya, towards the end of the Palaeocene time. Uplifting, folding and erosion took 
place in the Al-Jabal Al Akhdar region during this time (Ban, 1978). However, the 
controls on the rapid subsidence experienced in the Jabal Al Akhdar area during the Late 
Cretaceous-Early Palaeocene, and its subsequent equally rapid inversion in the Late 
Palaeocene-Early Eocene, are complex and poorly understood (Duronio et al., 1991; El 
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Hawat & Shelmani, 1993). In the early Tertiary period, the tectonic activity in NW-Libya 
and the Sirte Basin region resulted in extensive magmatism found in Gharian, Jabal 
Assawdah, Haruj, and Tibesti (Fig 2.2). 
2.2 Geological setting of the Sirte Basin 
The Sine Basin of central Libya is one of the major hydrocarbons producing 
provinces of the world contains 16 giant oil and gas fields. This basin is bounded by the 
Mediterranean Sea to the north, the Al Kufra Basin and the Tibesti Massif to the south, 
Hun Graben to the west, and the block-faulted region of the Cyrenaica Platform to the east 
(Fig. 2.1). The Sine Basin has developed from large-scale subsidence and block faulting 
during the Late Cretaceous. Further subsidence may have continued to the Miocene, and 
perhaps continues to the present day. This basin was created by fracturing and collapse of 
an old eroded basement, and is characterised by a series of tilted horsts and grabens, 
which are mainly oriented in a NW-SE direction (Fig. 2.3). This trend is approximately 
parallel to the rift system of the Red Sea and East African rift system. 
The basement in the Sine Basin consists predominantly of igneous and metamorphic 
rocks, but locally, includes sedimentary rocks of probable Cambrian and Ordovician age. 
During the Late Cretaceous period, the low areas in the basin received thick shale deposits 
while the horsts were covered with shallow water sediments. In the Tertiary, deep-water 
carbonates accumulated in the grabens, while reefs and shallow water deposits occurred 
on the horsts. More than 8000m of primarily marine sediments, of Late Cretaceous and 
Tertiary ages, have accumulated in  the deepest part of this basin. However, the thickness 
of the Tertiary succession differs from place to place, reflecting the almost continuous 
tectonic activity in the Sine Basin since the Cretaceous. 
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2.2.1 Tectonics of the basin 
The Sine Basin is a major rifted intracratonic basin, developed near the north African 
plate margin. Intracratonic basins in general, occur within continental interiors, are 
floored with continental crust, and in the most instances overlie failed or fossil rifts. 
According to the tectonic basin classification system of Kingston et al. (1983a), the Sine 
Basin originates from an extensional mechanism within a continental block. The primary 
structural pattern of the basin is characterised by horsts and grabens oriented mainly in a 
NW direction. However, the formation of the basin is largely controlled by regional 
tectonic phases, corresponding to plate reorganisations related to the evolution of the 
Atlantic and Tethys Sea in Mesozoic and Tertiary times. Fairhead and Binks (1991) 
suggest a close linkage in both time and space between the history of the African rift 
basins and the opening of the Atlantic. 
During Precambrian time, the middle part of north Africa was characterised by 
intensive folding and consolidation of basement rocks (Klitzsch, 1971). In Palaeozoic 
time, the region was a relatively slowly subsiding craton. In late Palaeozoic time, a 
general uplift of the area took place with extensive erosion. During Early Cretaceous 
time, the Tibesti-Sirte arch collapsed, and resulted in the NW-SE oriented Agdabia 
Trough and then the collapse of the Cyrenaica southern margin. Since that time, the 
central part of the Cyrenaica region has become a relatively stable platform, surrounded 
by active subsiding areas. 
AGOCO (1980) proposed that the evolution of the basin continued through the 
Palaeocene time as a result of the continuation of extensional stresses. This has resulted 
in further stretching of the continental crust, which become thinner and weaker, causing 
more subsidence. Van Der Meer and Cloetingh (1996) propose that the active syn-rift 
subsidence in the northern part of the Sine Basin started in the late Campanian, and 
continued until the late Palaeocene. According to Gumati & Kanes (1985) and Gumati & 
Nairn (1991), the Sine Basin subsidence reached a climax during the Palaeocene-Eocene, 
corresponding to a period of major crustal extension. 
im 
Many ideas have been put forward to explain the mechanism for the collapse of the 
Palaeo-Sirte uplift area and resultant block faulting. One idea put forward by Burke and 
Dewey (1974) suggests that the formation of the Sirte Basin was due to a widespread 
extension between two African plates in the Early Cretaceous. Anketell (1996) also 
suggests that the Sirte Basin developed over a long period during which the motion of 
Africa relative to Eurasia shifted from eastward (sinistral) to northeast and northward. 
Schafer et al. (1980) explained that the African plate drifted northeast towards Europe 
during Cretaceous time, causing collision of the Adriatic-African promontory of the 
Sahara plate with Europe. The slow motion of the Sahara sub-plate, relative to the larger 
east African plate, lead to the extension and development of the Sine Basin. 
Van Houten (1983) suggests that the Sine Basin developed when a significant shift in 
the absolute motion of the African plate (from eastwards to northwards) coincided with 
the region passing over a fixed mantle hotspot, in the Early Cretaceous. His suggestion 
may explain the complex pattern of horsts and grabens found in the Sine Basin, in 
contrast to the neighbouring Murzuk, Kufra, and Dakhala Basins on the northern Africa 
craton, which do not have these features. Harding (1984) proposes that the grabens of the 
Sine Basin form a triple junction within the crust of the northern African plate. The 
faulted western border of Sine Basin coincides with the SSE trending Malta Escarpment 
lineament, which also follows the eastern edge of the Libya Pelagian cratonic block to the 
northwest. Schafer a' al. (1980) suggests that the eastern part of the Sine Basin has 
undergone a different deformation system. The tectonic events of the Western Desert 
Basin and Cyrenaica Platform may have contributed to the development of the Sine 
Basin. Vertical movements along some of the pre-existing faults and rapid subsidence 
were occurring contemporaneous with the transcurrent movements along the Sine rift 
arm. 
2.2.2 Stratigraphy of the basin 
The stratigraphic column of the Sine Basin is represented by a thick sequence of 
continental and marine origin sediments. Rocks that vary in lithology from clastics to 
carbonates, and associated evaporites, and ranging in age from Cambro-Ordovician to 
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Miocene represent the sequence. Many authors such as Williams (1968), Roberts (1970), 
Belazi (1989), and Wennekers et al. (1996) have described the stratigraphy of the Sirte 
Basin. It has also been described through various regional studies of Libya, particularly 
by Conant & Goudarzi (1967), Conley (1971), and Ban & Weeger (1972). 
Generally, the rock sequence in the Sirte Basin is characterised by a thin to absent 
Palaeozoic sequence, very thin or absent Triassic and Jurassic rocks and thin Early 
Cretaceous rocks. The early Mesozoic rocks were deposited in a continental and 
restricted marine environment. In the Late Cretaceous, most grabens in the basin received 
thick shale deposits, while the horsts were covered with shallow water sediments. In the 
Tertiary, the grabens were filled with deep-water carbonates, while shallow water deposits 
and reefs accumulated on the horst areas. 
In the offshore area of the Sine Basin (Fig. 2.4), marine sedimentation started in the 
Upper Cretaceous on a Cambro-Ordovician basement and continued until the Quaternary. 
Drilling in this part of basin (Finetti, 1985) has verified a sedimentary sequence consisting 
of rock units of different lithologies, ranging in age from Mesozoic time to the present. 
The base of the Upper Cretaceous sequence, which overlaps onto the basement in the 
Sine Basin, continues into the Ionian abyssal basin, and on the Sine slope where it is 
separated from the Cambro-Ordovician by an angular unconformity (Finetti, 1985; Del 
Ben & Finetti, 1991). In the Sine Rise area, the Cambro-Ordovician quartzite is 
seismically considered the basement, and is overlain by the Upper Cretaceous marine 
cover. The acoustic basement is not clearly defined, particularly in the area between the 
Sine Basin and the Cyrenaica Ridge, and also in the area between Cyrenaica Ridge, and 
the abyssal basin. 
The stratigraphy of the Sine Basin can be subdivided into three sequences: pre-rift, 
syn-rift, and post-rift sequences. The pre-rift sequence encompasses the undivided 
Palaeozoic to Lower Cretaceous succession, the syn-rift sequence comprises the Upper 







30 12 14 16 
om Del Ben & Finetti, 1991). 
Subduction zones 




At S N 
- 
_ 
S - a.C StTs1--E 
, 1 
- 	- - IO 	 20 
Fig.2.4. The offshore Sirte Basin and the main geological units of the central 
Mediterranean (fr 
99 
i) The pre-rift sequence 
The basement pre-rift sequence in the Sirte Basin is composed of igneous and 
metamorphic rocks. In the eastern part of the basin, the basement has been described by 
Williams (1968) and Belazi (1989), during their study of the Nafora-Augula field (Fig. 
2.5). The sedimentary fill overlying the Precambrian igneous and metamorphic basement 
predominantly consists of lower Palaeozoic elastic sediments. In this part of the basin, 
the Cambro-Ordovician sandstone sequence was found in the subsurface of the Amal Oil 
Field (Roberts, 1970; Belazi, 1989). In the western part, the Cambro-Ordovician quartzite 
sandstone unconfrmably overlies the basement. However, the Precambrian basement is 
only penetrated where the overlying Gargaf quartizitic sandstone is missing (Bonnefous, 
1972). In general, the Palaeozoic rocks have been found in fault blocks in many parts of 
the basin: they vary from shallow marine to deep marine clastics, with some local reefs 
and evaporites. The sedimentary sequence from the end of the Ordovician up to the 
Lower Cretaceous is completely missing in the Sirte Basin: Lower Cretaceous sediments 
unconformably overlie the Cambro-Ordovician. 
The Lower Cretaceous succession represents the final part of the pre-rift phase, 
deposited before the main rifting stage. The oscillation between shallow marine and 
continental sedimentation, taking place on stable parts of the east Sahara Craton, is typical 
for Nubian sedimentary sequence deposition (Pomeyrol, 1968; Klitzsch & Squyres, 1990). 
This sequence comprises regressive cycles of continental elastic deposits, developed 
during the late Jurassic-early Cretaceous period, and is known as either Nubian Sandstone 
or Sarir Sandstone. This sequence is widely distributed in Libya, and is encountered in 
both the surface and subsurface. It is thicker and more widespread in the southern part of 
the basin. The lithology of this unit is predominantly fluvial sandstone, interbedded 
occasionally with shale (El-Hawat, 1992; Gras & Thusu, 1998). This sandstone is 
massive-to-thinly bedded, with a fine-to-coarse grain size range, of generally poor sorting. 
Williams (1969) suggests that this sandstone was deposited in a predominantly non-
marine environment. However, well evidence in northeastern Libya shows the formation 
to be absent on the Cyrenaica Platform. 
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ii) The syn-rift sequence 
The crustal stretching in the Sirte Basin led to major rifting and the development of 
grabens, in which the syn-rift sediments were deposited. During Late Cretaceous and early 
Tertiary times, there was a major marine transgression in the area coincident with the 
general eustatic high stand of sea-level at this time (Pitman, 1978). This widespread marine 
transgression was associated with intense rift-related subsidence throughout the Late 
Cretaceous. The distribution of the Upper Cretaceous sediment is largely controlled by 
the structural framework within the basin itself. The sequence thickness is varied as a 
result of the basin rifting that took place during sedimentation. The graben areas were 
generally filled with thick sequences of bituminous shales, reflecting quiet deep-water 
conditions in relatively fast subsiding troughs. In contrast, the highest parts of horsts have 
only a thin sediment cover, consisting of reefal or clastic facies. 
The Upper Cretaceous sediment was deposited unconformably on the Lower 
Cretaceous, and in some areas is found directly overlying Cambro-Ordovician sediments 
or the Precambrian basement. Rapid erosion of the high relief topography led to the 
formation of coarse conglomeratic basal sands of the Bahi Formation (Barr & Weeger 
1972). It represents an extensive marginal wedge of fluvial-to-shoreface facies, and 
consists primarily of clastic units composed of interbedded sandstone and shales. The 
lower part of the Bahi sandstone is predominantly light brown, coarse-grained sandstone, 
and the upper part is fine grained, mainly argillaceous sandstone. 
Shallow marine dolomites and calcarenites of the Lidam Formation overlie the Bahi 
Formation. The former consists of carbonates, mainly dolomite, which represents the 
earliest marine deposits in many parts of the basin. The Rakab Group, representing the 
main part of Upper Cretaceous transgressive sequence, conformably overlays the Bahi and 
Lidam Formations (Williams, 1968; Belazi, 1989). It primarily consists of shale 
interbedded with either carbonates and anhydrite, or with minor sandstone and siltstones. 
Continuing tectonic activity led to the formation of several shallow basins during the 
Turonian, in which evaporites developed. Evidence of more open marine conditions is 
present in the Conacian-Santonian succession. These conditions resulted in the 
deposition of the Rachmat Formation, which consists of shales, calcarenite and dolomite. 
The Rachmat Formation is overlayed by Tagrifet Limestone, which has excellent reservoir 
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characteristics in the Sirte Basin (Roberts, 1970). The equivalent of this unit in the 
Agdabia Trough mostly consists of shales with minor beds of limestone. During 
Campanian, the Sirte Shale Formation filled the trough areas,, organic rich shale that is 
considered the source rock for most of the hydrocarbons in the basin. 
During the Tertiary, rock units were more uniform and less subjected to tectonic 
influence than during Upper Cretaceous time. A widespread marine transgression, 
following basin subsidence, can be seen in the basin from Palaeocene to Late Eocene 
time. The Palaeocene transgression and facies distribution in the Sine Basin has been 
described by Conley (1971), Brady at el. (1980) and Bezan (1996). Along major horsts, 
carbonate banks and reefs under open marine conditions developed. This carbonate is 
interbedded with shale in some places, indicating transgressive and regressive 
sedimentary cycles. However, the Palaeocene carbonate facies are confined to the 
platform, while the deep open marine facies are restricted to the structural low areas. 
Toward the south, many carbonates change into evaporites and clastic rocks. The 
Palaeocene sequence reservoirs contain the large amounts of hydrocarbon found in the 
Sine Basin. In the eastern basin for instance, the bioclastic coral-rich boundstones and 
grainstones of the Upper Sabil Formation form the main reservoir (Spring & Hansen, 
1998). The Eocene sediment in the Sine Basin has been subdivided into Lower, Middle 
and Upper Eocene. The Lower Eocene sequence consists predominantly of interbedded 
dolomites, dolomitic limestone and evaporites. This unit includes rock salt of the Gir 
Formation and Fache Member (Roberts, 1970; Belazi, 1989). 
iii) The post-rift sequence 
The subsequent history of the Sine Basin represents the post-rift depositional phase 
of the basin development. The principal lithologies of this stage are mostly carbonates 
interbedded with shale. These were deposited during the thermal subsidence stage of the 
basin. The differential subsidence continued more slowly until the Late Eocene time. The 
Middle Eocene Jalu Formation is characterised by shallow marine limestone, which 
passes southwards into shales and anhydrites. During this time, the eastern Sine Basin 
was covered in a shallow sea. The Tamet Formation (Middle Eocene) in the eastern part 
of the basin consists of a thick succession of carbonates, dolomite and occasionally 
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evaporites. A detailed analysis of this formation shows that there are nine different 
carbonate and evaporite microfacies in this unit (El Hassi, 1994). The Upper Eocene 
sediments are represented by the Augila Formation, which is mainly composed of soft 
light-grey shales, with the amount of carbonates increasing towards the top. 
The Sirte Basin was largely infilled by the end of the Eocene time, where the 
principle depocentre of the basin was now located in the Agdabia Trough. More than 
1200 m of Oligocene strata are accumulated in this trough. In the Miocene, shallow water 
returned progressively, allowing widespread deposition of evaporites, and marked the 
closure of the basin. The Miocene marine rocks are restricted to the northeastern part of 
the basin, while the non-marine facies extend southwestwards to the basin margin. In the 
Agdabia Trough these rocks reach 2100m thick. The Miocene rocks have been studied in 
great detail at outcrop by Benfield & Wright (1980) and El-Hawat (1980). At the end of 
the Miocene, large areas in the basin emerged. In the post-Miocene, the most striking 
event is a major drop in sea level during the Messinian, which led to the incision of the 
Sahabi Channels to a depth of more than 450 m below the surface. The Messinian draw-
down led to the accumulation of a thick sequence of evaporites in the central Sine Basin. 
2.3 Geology of western Cyrenaica (Soluq Depression) 
The most prominent surface morphologies in the Cyrenaica region are the Jabal Al 
Althdar uplift in the north, the Soluq Depression in the southwest and the Cyrenaica 
Platform in the east and southeast (Fig. 2.5). In the southern part of the area, a partially 
marine Palaeozoic sequence has unconformably overlain the basement, while in the east 
and northeast, the basement is overlain by a wedge of marine Palaeozoic rocks which 
thickens towards the east (El-Arnauti & Shelmani, 1985). The Palaeozoic rocks are 
widespread in the Cyrenaica region and show variation of thickness, which can be 
attributed to the post-early Palaeozoic tectonic activity and subsequent erosion (Sola & 
Ozcick, 1990). 
The Soluq Depression, which lies mainly on the Cyrenaica Platform, is connected 
with the Agdabia Trough of the Sine Basin. Within this depression, the main structural 
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trend is northwest-southeast. During Triassic, Jurassic and Early Cretaceous times, the 
Soluq Depression was a high with NE dipping Palaeozoic strata, which was subjected to 
erosion (Yanilmaz et al. 1989). The Lower Cretaceous is absent in this region, where the 
basin is probably underlain by Lower Palaeozoic age rocks. The first subsidence begins 
in late Cenomanian time, followed by a Campanian transgression. 
During Late Cretaceous, the fluctuation in sea level resulted in the deposition of 
limestones interbedded with shales. At this time, a local depocentre developed, and over 
2500m of Upper Cretaceous sediments deposited. The axis of the basin, and its 
depocentre, has shifted towards the east during Palaeocene and Eocene times. Surface 
and subsurface petrographic investigations in NE-Libya indicates that the lower Tertiary 
section comprises three main associations: slope facies association, shallow marine facies 
association and lagoonal facies association (Elwerfalli & Stowe, 1998). During Eocene 
time, the area was at the transition zone between the outer shelf and neritic zone. During 
the Oligocene and Miocene, periodic fluctuations in sea level resulted in cyclic shoaling-
upward carbonate cycles. 
2.3.1 Stratigraphical succession of the depression 
The pre-Upper Cretaceous history of the Soluq Depression is not well documented. 
It is known that the Upper Cretaceous lies unconformably on Palaeozoic, Devonian and/or 
Carboniferous rocks. During the Late Cretaceous and Tertiary, thick sequences were 
deposited on the eastern margin of the Sirte Basin, lying along the southern edge of the 
Tethyan Ocean. From Cretaceous to the Miocene, the tectonics affecting the Soluq 
Depression has been very gentle and consistent. Regional subsidence occurred in 
northern Cyrenaica and in the western part of the depression in Cretaceous time, and 
shifted to the southwestern part of the area during the Palaeocene and later. 
Fig. 2.6 shows the generalised stratigraphic framework of the Soluq Depression. The 
entire stratigraphic succession in the area is over 5500m thick. The sedimentary 
succession is dominated by marine carbonates, but significant amounts of shale were also 
35 
deposited in the area. During lowstands of sea level, evaporites were deposited upon 
shallow parts of the platform. 
2.3.1.1 Upper Cretaceous 
Tai'rifet Lower Shale. A thick sequence of shales was deposited in the Soluq 
Depression during the transgression stage of the Tethys in the Late Cretaceous. The lower 
part of this unit consists of dark coloured calcareous shales interbedded with limestones. 
With a transitional contact, this shale is conformably overlain by the Upper Cretaceous 
Tagrifet Limestone. The Lower Tagrifet Shale is believed to be the local source rock for 
some hydrocarbon reservoirs in the area. 
TaRrifet Limestone. The Tagrifet Limestone is the first carbonate rock accumulated 
above the Lower Tagrifet Shale. The lower part of the Tagrifet Limestone consists mainly 
of a porous, grey to brown calcarenite facies. This part was developed in shallow shoals 
or bank conditions. The upper part is usually a more argillaceous limestones, darker 
brown and less porous with occasional shale interbeds. The basal part of this unit was 
conformably developed overlying an open-marine section of Lower Tagrifet Shale. A 
graditional contact occurs with the overlying Upper Tagrifet Shale. 
Taifrifet Upper Shale. This unit generally consist of grey to brown coloured shales. 
In the low areas, it is occasionally interbedded with light to dark grey limestones. The 
Tagrifet Upper Shale conformably overlies the Tagrifet Limestone and is conformably 
overlain by the carbonates of Oherite Formation. 
Gherite Formation. The Gherite Formation is the equivalent of the lower portion of 
the Kalash Formation in the Sine Basin. Widespread regression during Maastrichtian 
time led to neritic platform carbonates being deposited in the area. This unit is composed 
of light-coloured, medium hard to hard, argillaceous limestone. The lower contact with 
Tagrifet Upper Shale is graditional. The upper boundary with Muffed Formation is 
conformable. 
Muffed Formation. The Muffed Formation represents late Maastrichtian time. It 
predominantly consists of white cream-coloured medium hard, fossiliferous limestones. 
The limestones are interbedded with dolomites and anhydrite beds. The Muffed 
36 
Epoch Period Stages Rock 	U n it 
Middle Ar Rajmah Formation 
C) 
0 Lower Al Faidiyah Formation 
a) 







Upper Wadi Ba/cur Formation 
C 










 Najah Formation 














Turonian ft Tagrt Lower Shale 
Cenomanian 
L-Mesozoic 
& Pre-Upper Cretaceous 
Palaeozoic 
Fig. 2.6. Generalised stratigraphic succession of the Soluq Depression area. 
37 
Formation conformably overlies the Gherite Formation and is conformably overlain by 
Palaeocene carbonates. 
2.3.1.2 Palaeocene 
The Palaeocene Najah Formation overlays the Late Cretaceous Muffed Formation, 
and is overlain unconformably by the Early Eocene Antelat Formation. In most wells the 
interval has been completely dolomitized, and diagenesis has obliterated the original rock 
texture and faunal content. The unit mainly consists of crystalline dolomites. There are 
occasional limestone intervals and thin anhydrite beds occurring within this dolomite 
sequence. An erosional surface developed at the top of this unit during a widespread 
regression. Intensive erosion along this surface formed irregular karst topography and 
possibly erosional escarpments over much of the Soluq Depression. This left a zone of 
vuggy cavernous porosity in the upper part of the unit. In the Sirte Basin, the Palaeocene 
rocks are composed of shoals and pinnacle reefs facies, and these are one of the major 
hydrocarbon reservoirs of the area (Brady et al., 1980; Bezan, 1996). 
2.3.1.3 Lower Eocene 
The Soluq Depression was subjected to frequent transgression and regressions in 
Early Eocene time. Following the regression at the end of Palaeocene time, the area was 
inundated by a rapid transgression during Early Eocene time. The area was covered by 
evaporite facies in the east, and shallow-water facies grade into open-water facies toward 
the west. In general, the Lower Eocene represents a major sedimentary cycle starting with 
a rapid transgression during which the lime mudstones of the Antelat Formation were 
deposited, and then followed by the shales of the Lower Shale unit as the transgression 
reached its maximum. 
Antelat Formation. The Antelat Formation is separated from the underlying 
Palaeocene by an unconformity. This unit was deposited in a period of transgression as 
predominately lime mudstone and rare argillaceous limestone developed in the lower part. 
The sedimentary cycle is capped with a regional regression in which shallower water 
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nummulitic wackestones were laid down in the upper part. The limestone grains are 
mainly • fine skeletal debris, planktonic foraminifera and bivalve molluscs. The 
depositional environment is that of pelagic sedimentation in a slope to basin setting. 
Lower Shale. The transgression reached a climax with the deposition of the Lower 
Shale, which is restricted to the basinal area, and was followed by a period of relative 
stability, which was terminated by a gentle regression. This unit consists of shale grading 
into marl at the top and calcareous shales towards the bottom. In some areas, complete 
withdrawal of the sea took place and erosion occurred at the top of the interval, prior to 
deposition of the Middle Eocene sediments. 
2.3.1.4 Middle Eocene 
Jab, Formation. The litho- and bio-stratigraphic data suggest that a rapid 
transgression from the southwest occurred over the Soluq Depression in the Middle 
Eocene, depositing lime mudstones over the eroded Lower Eocene surface. In the 
northern portion of the area, shallow water sedimentation kept pace with the rise in sea 
level, or subsidence of the entire region. Because of the prolific production of carbonate 
sediments in this shallow water area, a thick section of Jalu Formation carbonates was 
deposited. It mainly consists of white to light grey, soft friable, numinulitic limestone. 
2.3.1.5 Upper Eocene 
Wadi Bakur Formation. The Wadi Bakur Formation consists predominantly of 
fossiliferous limestones deposited in a shoal environment, or chalky limestones which 
were deposited in a deeper water shelf area. Its lithology, and fauna suggest that it had 
been deposited during a regressive phase of Eocene sea. The Wadi Bakur Formation is a 
major hydrocarbon reservoir in the Soluq Depression. The hydrocarbon potential of this 
unit is mainly dependent on its facies. In the southern portion of the depression, the 
transition from shallow water to relatively deep-water sedimentation occurred very rapidly 
and only lime mudstone with pelagics accumulated. 
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2.3.1.6 Oligocene 
Al hayda Formation. The Al bayda Formation on the Al-Jabal Akhdar ridge, is 
composed of the Shahat Marl Member at the base and the Algal Limestone Member at the 
top. This unit in the Soluq Depression is composed of mainly shale and limestone, which 
deposited in a shelf to basin transition zone. Wackestone and packstones in the unit reflect 
a deeper, probably bathyal basin in the southwest and a shelf area in the northeast. 
Upper Shale. Lithologies in the area continue the basin-shelf relation present in the 
preceding geological time interval. A thick shale sequence was deposited in the 
southwest while interbedded shales and carbonates were deposited to the northeast. The 
Upper Shale unit consists mainly of fissile, grey to green-coloured, sandy pyritic shales. It 
interbeds with silty fossiliferous limestone. The upper part of the unit is composed of 
fossiliferous limestone intercalated with marl or argillaceous limestone. 
Al Abrag Formation. Al Abraq Formation is typically composed of fossiliferous 
limestone, with nummulites. Occasionally the limestones are interbeds of subfissile 
fossiliferous shale. The lower part of the formation consists of soft, sticky clays and 
marls, which are grading down to the Upper Shale unit. 
2.3.1.7 Miocene 
Al Faidiyah Formation. Generally, this formation consists of mainly thin-bedded 
limestone, with some layers of clay and marl in its lower part. In the area, the Al Faidiyah 
Formation is composed of multiple depositional cycles. This unit has formed in a neritic 
environment with fluctuating water depths. The unit reaches several hundred meters in 
thickness and gradually increases towards the southwest. Al Faidiyah Formation is 
overlain by the Benghazi Member of Ar Rajmah Formation. A major regression occurred 
in post-Middle Miocene times due to a significant and rapid fall in the sea level of the 
Mediterranean, and no marine Pliocene deposits have been documented. 
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2.4 Overview of the geological and tectonic setting of the 
Mediterranean region 
The development of the Sirte Basin is generally controlled by tectonic phases 
corresponding to plate reorganisations related to the evolution of the Atlantic Ocean and 
Mediterranean Sea. Interpretation of the development of the Sirte Basin in term of plate 
tectonics was based on models for the closure of the Tethys and evolution of the 
Mediterranean. Fig. 2.7 shows a tectonic outline of the present-day Mediterranean Sea. 
The basin is flanked to the south by the north African margin and bounded to the north by 
a series of mountain belts of the Alpine Orogeny. 
The geosynclinal belt, extending the length of Eurasia from Spain to Malayia, is 
called the Tethys. However, it seems usual to restrict the use of the term "Tethys" or 
"Neotethys" to the Mesozoic breakup of Pangea and refer to the Palaeozoic embayment as 
"Palaeotethys". Hsu and Bernoulli (1978) suggest that the Paiaeotethys was a wedge-like 
ocean opening to the east, which was totally eliminated during the early Mesozoic by 
subduction along the Cimmerian and Indonesian suture zone. The Neotethys may have 
opened partly as a back-arc basin over the Palaeotethyan subduction zone (Sengor, 1979). 
Many attempts have been made to reconstruct the tectonic history of Tethys and its 
descendent, the present-day Mediterranean (e.g. Smith, 1971; Dewey et al., 1973; Biju-
Duval et al., 1977; Hsu, 1977; Laubscher & Bernoulli, 1977; Robertson & Dixon, 1984; 
Sengor et al., 1984; Dercourt et al., 1986). Most of these models indicate that the 
Mediterranean Sea is not tectonically regarded as a remnant of Tethys, although it lies 
along the same trend and cover some of the same territory. However, the Ionian and 
Levantine basins are left as possible remains of the Tethys. Tethys was destroyed by 
mountain building, and the Mediterranean was opened by later movements related to the 
formation of the Atlantic Ocean. 
In a broad sense, the key to the tectonics of the Mediterranean region is regarded as 
the relative motion between Africa and Europe (Fig. 2.8). Smith (1971), Dewey et al. 
(1973) and Biju-Duval et al. (1977) suggested three different phases of relative motion 
between Africa and Europe. During the first phase (Jurassic to Early Cretaceous), only 
the central Atlantic between Africa and North America was opening, and the movement 
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Fig. 2.7. The northern and southern margins of the Tethys ocean, and the occurrences of Tethyan ophiolites 
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(S) Sinaia Flysch; (T) Troodos; (V) Vardar zone. 
of Africa relative to Europe was therefore eastward. During the second phase (Late 
Cretaceous to early Cenozoic), the North Atlantic opened between North America and 
Europe faster than the central Atlantic, and the motion of Africa relative to Europe was 
therefore westward. During the third phase, Africa moved northwards. 
However, recalculation of these motions using new data suggests that the motion is 
smoother than previously thought, and is not divisible into such discontinuous phases 
(Livermore & Smith, 1985; Savostin at al., 1986; Dewey et al., 1989). Finetti (1985) 
outlined some important conclusions regarding the regional structure, stratigraphy, and 
evolution of the central. Mediterranean area. He suggested four main extensional phases 
affected the central Mediterranean from the Permo-Triassic to the Quaternary. Many 
models were constructed for the evolution of the north African margin. Dewey et al. 
(1973) and Biju-Duval et al. (1974) placed the Libyan margin in the eastern 
Mediterranean framework. Biju-Duval et al. (1974) recognised the extensional nature of 
the northern margin in the Malta area, which including the Malta Graben and the 
Cyrenaica Margin. Dewey et al. 1973, suggested much of the structure of the Sirte region 
and its offshore surroundings to the north developed in late Mesozoic time, when 
continental rifting was followed by formation of new oceanic lithosphere beneath what is 
now the central Mediterranean Sea. 
2.5 The evolution of the Mediterranean 
It is important to review the overall megatectonic phases documented for the 
Mediterranean region including the physiographic transformation of Tethys into the 
present-day Mediterranean. To achieve this, many models have been reviewed (Smith, 
1971; Dewey et al. 1973; Biju-Duval et al., 1977; Hsu, 1977; Sengor, 1979; Robertson & 
Dixon, 1984; Sengor et al., 1984; Dercourt et al., 1986). Although most workers agree on 
the main principles used for plate reorganisation, opinions between authors vary, for 
example, in the number of microplates between the African and Eurasian plates, their 
relative positions and movements within this complex framework. In the following 
sections, a brief review will be given to the plate tectonic outline of the Mediterranean 
region from Permian to Present. A simplified series of figures showing the plate tectonic 
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of the Mediterranean region and successive positions of Africa relative to Europe which 
were sketched by Dewey et al. (1973) are shown in Fig. 2.9. 
i) Permian-Triassic 
The Permian-Triassic period is characterised by the late- to post-Hercynian 
arrangement of the continental masses in a huge single super-continent called Pangea. 
The collision of Gondwana with Laurasia during the late Palaeozoic originated the 
development of a dextral shear system marking a diffuse plate boundary between, 
northwest Africa and Iberia (Ziegler, 1988). As a result of this movement, a great 
mountain range was formed along southern Europe and Africa. Livermore and Smith 
(1985) reconstructed Pangea from the latest Triassic to early Jurassic and demonstrated 
the growth of the Neotethys at the expense of the Palaeotethys. During the Triassic, the 
Palaeotethys was a wedge-like ocean opening to the east. To the west, extension related 
subsidence occurred, presaging the future Bay of Biscay, North Atlantic and the 
Maghrebian Trough. In the east, subduction of the Palaeotethys under the Eurasian plate 
was marked by arc-type magmatism. Data from the northern Tethyan domain indicate 
that the Permo-Triassic Palaeotethys closed between the late Triassic and the mid-Jurassic 
(Sengor et al., 1984). 
The Tethyan palaeogeographic setting during the early Triassic was characterised by 
a widespread continental environment and broad areas covered by shallow water. During 
the Triassic, a rapid transgression from the east (Assereto et al., 1973) initiated marine 
conditions over most of the Mediterranean region. Along the northern African-Arabian 
plate margin rifling propagated westward during the Permian and Triassic from the 
northeastern Arabian margin to Morocco (Guiraud, 1998). During this time, marginal 
seas reached as far west as Sicily and Tunisia. Evaporites and thick neritic limestone 
deposits record an increasing marine influence. The neritic deposits of the 'Alpine' 
Triassic may reach a thickness of several thousand meters (Laubscher & Bernoulli, 1977). 
These shallow carbonate platforms are interspersed with deeper-water pelagic limestones, 
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ii) Early-Middle Jurassic 
During early Jurassic, the Atlantic and the Indian Oceans did not exist, and a wedge-
shaped ocean between the Eurasian and Gondwana continents, named Tethys was present. 
Magnetic anomalies and deep-sea drilling results indicate initiation of sea-floor spreading 
and formation of a young oceanic crust in the central Atlantic during the early Jurassic 
(Pitman & Talwani, 1972). The separation of North America and Africa implies relative 
movements between Africa and Eurasia and the creation of oceanic crust and lithosphere 
in the central Atlantic. 
The breakup of Pangea in the Jurassic resulted in the separation of Africa and Eurasia 
plates with the opening of the Neotethys Sea along a left-lateral transform plate boundary. 
The opening of the Central Atlantic caused the development of sinistral transtensional 
movements between the two plates. This left-lateral movement of Africa with respect to 
Eurasia resulted in extension in the western region at the expense of the Neotethys in the 
east, .which became narrower through continuing subduction along its northern margin. 
This displacement caused a local uplift and a new extensional phase along the central 
Mediterranean region (Finetti, 1985). The most significant extensional tectonic phase in 
the central Mediterranean region took place during the middle Jurassic times. 
The breakup of Pangea resulted in the development of two rift systems, a north-south 
system paralleling the present Atlantic and an east-west system along the boundary 
between Africa and Laurasia plates. During the Jurassic, two well-defined transform 
margins off Tunisia-Sicily and Cyrenaica, and a more north-south spreading axis within 
the Gulf of Sirte, developed. During this period, it is presumed that extension was active 
over the Malta Escarpment, and the northward thickening of the Jurassic sequence on 
Cyrenaica could also indicate the beginning of margin formation along the Levant coast. 
All of the most significant well data indicate that the middle Jurassic of the East Pelagian 
Sea and the Sicily-Malta Escarpment is composed mostly of basaltic layers (Del Ben & 
Finetti, 1991). Carbonate and associated sedimentation is encountered on platforms that 
extended throughout the Alpine-Mediterranean region. 
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Late Jurassic-Middle Cretaceous 
During late Jurassic-early Cretaceous, the anticlockwise displacement of Africa with 
respect to Eurasia continued along large sinistral shear zones between Africa and Iberia. 
This resulted in extension between Iberia and Eurasia. Up to the time of the opening of 
the North Atlantic in the Santonian, Africa had moved east by about 2000 km with respect 
to Europe (Laubscher & Bernoulli, 1977). During middle Cretaceous time, the Iberian 
microplate rotated, probably with some compression, far into the western Tethys. 
Before the Aptian-Albian, compressive movements were restricted to the eastern 
Tethys and to the boundaries of the Palaeotethys plate. The most significant event in the 
Mesozoic was the opening of the Neotethys, the future eastern Mediterranean, to the south 
between Apulia and Africa. This is consistent with the assumption that the eastern 
Mediterranean is floored by oceanic crust (Robertson & Dixon, 1984). The existence of 
middle Cretaceous oceanic crust is marked by the ophiolites of Cypris, Oman and Zagros 
(Knipper at al., 1986). Periodic transgressions of the Neotethys ocean spread across the 
Sahara platform and became more widespread as time progressed, reaching its maximum 
in the Late Cretaceous when a seaway covered much of the Sahara. This widespread 
marine transgression was associated with intense rift-related subsidence in the Sirte Basin, 
and mainly carbonate sediments were deposited in a predominantly open marine 
environment. 
Late Cretaceous 
During Late Cretaceous time, the northern Atlantic Ocean started to open with a 
progressive separation of Europe from North America. During Albian-Cenomanian, the 
relative movement between the African and the European plates reversed from a sinistral 
to dextral shear system (Smith, 1971). Since then, about 1000 km of dextral movement of 
Africa westward with respect to Europe, associated with several hundred kilometres of 
north-south displacement occurred (Pitman & Talwani, 1972). The northern margin of 
Apulia was in full collision with Eurasia, and the eastern Alps progressed significantly 
over Eurasia. Across the central Mediterranean, extension combined with sinistral strike-
slip, was actively associated with widespread volcanism (Finetti, 1982). The sinistral 
strike-slip penetrated deeper into NE Africa with subsidence reaching a maximum in the 
Jabal Al Akhdar and Abu Gharadiq Basin. The Late Cretaceous extension in the central 
Mediterranean, resulted in marked tectonic effects on the Sirte Basin. During this time, 
maximum southward transgression of the Tethyan Sea occurred, and was accompanied 
primarily by down faulting and subsequently by subsidence along a series of broad horst-
graben structures trending northwest to southwest. 
Palaeocene 
The Late Cretaceous-Palaeocene boundary marked the beginning of a completely new 
phase in the kinematics of the Tethyan belt. The predominantly left-lateral motion 
between Africa and Eurasia ceased at the beginning of the Tertiary. The closing of the 
gap between Africa and Europe led to the Alpine Orogeny and the elimination of much of 
the Tethys Sea. This orogeny caused thrusting and folding across the boundary zone 
between the African and the European plates. The eastern Mediterranean basins are left 
as possible remnants of this Mesozoic ocean. During the Palaeocene period, the oceanic 
Neotethys is preserved between the Arabia and Eurasian margins, but is reduced in width 
to between 200-500 km. During this period, the evolution of the Sirte Basin continued as 
a result of the continuation of extensional stresses. A widespread marine transgression, 
following basin subsidence, can be seen in the basin during the early Tertiary period. 
Eocene-Late Oligocene 
According to Dewey et al. (1973), most of the dextral movement of Africa with 
respect to Europe took place before the Middle Eocene. The Eocene period is considered 
the start of the plate collision stage. The northward motion of Africa toward Europe 
during late Tertiary time causes the complete closure of the Alpine Tethys. By the Late 
Eocene, the entire central Tethys had disappeared, and a potential relic of the Palaeotethys 
is preserved only in the eastern Mediterranean. In this stage, the subduction event along 
the southern Turkish plate margin caused by northward displacement of Arabia led to the 
disappearance of the last connection between the Tethys and Neotethys. In the eastern 
Mediterranean several microplates were sheared from the African plate. Woodside (1991) 
concludes that the relative northeastward movement of the eastern Mediterranean basin 
with respect to the European plate suggests that the entire basin may be moving separately 
from the African plate. This is accommodated by boundary faults along the non-
subducting margins of the basin. 
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During Late Eocene-Oligocene the plate interaction became extremely complex along 
the southern margin of Eurasia, where thrusting, metamorphism and volcanism were 
active along the Alpine chain. During the Oligocene, the relative difference in the 
spreading rates between the northern and southern Atlantic caused a change of motion 
between Africa and Eurasia from NINE convergence to NW convergence with a right-
lateral component (Dercourt et al., 1986). During this period, the oceanic areas shrunk, 
and continental south Europe overthrust southwards above the Ionian Oceanic Basin. The 
Late Oligocene magmatism within the African plate is widespread and reflects a change in 
the plate tectonic regime induced by the Alpine collision (Guiraud, 1998). During the 
Tertiary period, the northern Cyrenaica was a depocentre of sedimentation, a rapidly 
subsiding area in which sedimentation at times continues with subsidence. The area to 
the south was probably a relatively stable area as a part of stable Saharan shield, isolated 
from the Mediterranean basin to the north by an E-W trending fault line. 
vii) Miocene to Present 
The period from the Middle-Late Miocene to the Present corresponds to the collision 
of the south European and north African continents. The Neotethys disappeared between 
Iran and Arabia, whilst the proto-eastern Mediterranean (Biju-Duval et al., 1977) became 
a segment of the African plate. West of the Sicily-Malta Escarpment, overthrusting 
occurred between the continental European terrains to the north and the continental 
Tunisian plateau to the south. In north Africa, destruction of the Atlas belt became 
extensive. During this time, coarse clastic sediments were eroded from the Atlas 
highlands and deposited in the western Mediterranean basins. 
The most recent extensional phase in the central Mediterranean region took place 
from the Late Miocene to the Quaternary (Finetti, 1985). The main topographic feature in 
the present-day Mediterranean region, is the submarine Mediterranean Ridge, a swelling 
with a large curvature on the outside of the Aegean Arc (Biju-Duval et al., 1974). The 
outer Mediterranean Ridge can be grouped into two branches, the Hellenic branch to the 
east and the Calabrian branch to the west. A major regression occurred in Late Miocene 
times due to a rapid fall in the sea level of the Mediterranean. The Late Miocene 
evaporites represent a pan-Mediterranean event, but occur in a series of individual basins 
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of varying origin whose evolution was not completed until after Late Miocene. At this 
time, large areas in the Sine Basin emerged. 
2.6 Mediterranean and regional geological setting of the area 
During the late Palaeozoic to early Mesozoic, the north African Platform was a broad 
Tethyan-facing passive continental margin. The late Palaeozoic transgression from the 
east Mediterranean basin gave way to an extensive sequence of Triassic fluvial sands and 
shales. These sediments now form the most important hydrocarbon reservoir in western 
Libya, northeast Algeria and southern Tunisia. During the early Jurassic, a passive 
margin was formed with consequent rifting along the north African margin (Le Pichon et 
al., 1988). The passive continental margins of the Tethyan seaways, especially the 
southern ones, were the sites of extensive colonisation by carbonate platforms. These 
developed and flourished from late Triassic to Oligo-Miocene times (Bosellini, 1989). 
Pelagic deposits developed in troughs and platform limestones and associated sediments 
accumulated throughout north Libya and major parts of Tunisia and Algeria. 
The first stretching phase to produce rifting on the north African plate occurred in the 
Triassic (Finetti, 1985). This phase occurred with a rift that produced regional subsidence 
and local uplifting and crustal thinning in the Ionian Sea, the Sicily-Malta Escarpment and 
the lower Sirte Rise. Along the north African margin, evidence of basin development 
took place during late Triassic-early Jurassic times in response to down faulting 
movements associated with the connection of the Palaeotethys seaway to the Atlantic sea. 
Much of structure of the Sirte region, and its offshore surroundings to the north, 
developed in late Triassic or Jurassic time, when continental rifting was followed by 
formation of new oceanic lithosphere beneath what is now the central Mediterranean 
(Dewey et al., 1973). 
The Sine Rise is a part of the north African continental margin which extends from 
the Sirte Gulf coast in southwest to the Ionian abyssal basin in northeast (Fig. 2.4). During 
the early Mesozoic, the Sine upland lay south of a presumed triple-point at the junction of 




separation occurred along the two Tethyan rifts, while a third arm extended southward 
into the African craton. However, the Sine Basin, interpreted as a wide collapsed block 
of the African plate, dips gently northward and extends to the Sicilian Basin in the central 
Mediterranean. The middle-late Cretaceous stretching phase in the central Mediterranean, 
resulted in marked tectonic effects on the upper Sine margin, and on the Sine Basin, with 
impressive marine flooding over the whole north African plate. Middle to Late 
Cretaceous sediments extend more widely across the Sahara platform with major rift-
related depocentres in the Sine Basin and Egypt (Fig. 2.10). 
During the late Cretaceous-early Tertiary times, the right lateral divergent movement 
between Africa and Europe caused the final collapse of the Sine Arch system as crustal 
extension took place along the Tethys Sea (Finetti, 1985). Maximum southward 
transgression of the Tethys seaway occurred caused initially by down faulting, and 
subsequently by sagging along a series of broad, horst-graben structures trending 
northwest to southeast. This transgression spread southwards several times during Late 
Cretaceous time, covering different areas of Egypt, northeastern Libya and northern 
Sudan. The Sine Basin continued to subside during this time and mainly carbonate 
sediments were deposited in a predominantly open marine environment. 
A wide belt of deposits on the southern Mediterranean coast was formed during the 
Tertiary. The regional seismic stratigraphy from the upper Sine slope to the Ionian 
abyssal plain indicates a progressive Tertiary thickening (Del Ben & Finetti, 1991). 
Carbonate platform sedimentation continued throughout the northern African margin 
during this time. The carbonate ramps, occurring throughout the Tethyan domain, are 
characterised by many biofacies such as large foraminifera, coralgal patch-reef and 
gastropod dominated sequences (Buxton & Pedley, 1989). The carbonate sequences of 
the Palaeogene, in both northern Libya and Tunisia, have formed the main producing 
hydrocarbon reservoirs. The giant offshore Bouri field, close to the Libyan-Tunisian 
border, has an Eocene nummulitic reservoir. The Lower Eocene of Tunisia is marked by 
regression and the deposition of ramp carbonates with the nummulitic limestones of the 
Ypresian El Garia Formation (Loucks et al., 1998). The Tertiary section in the eastern 
Sine Basin consists of a carbonate succession that developed in response to subsidence 
and widespread Tethyan transgression following rifting. 
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Fig. 2.10. The Cretaceous framework of major basins in northern Africa, south of Tethyan ocean. 
(Heavy lines = principle faults in Sine Basin area; dashed along north coast = southern extent of 
entirely marine Early Cretaceous deposits; dashed line south of Sine and Dakhla Basin = southern 
extent of latest Cretaceous-Palaeocene transgression of Tethys; PB = Pelagian cratonic block; 
M = Malta Escarpment lineament) (after Van Houten, 1983). 
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During the late Tertiary period, Alpine tectonic activity caused extensive epeirogenic 
movement in northern Libya, forming shallow marine-continental conditions and clastic 
sedimentation in all areas except near the Mediterranean. The effects of the Alpine 
movements in northern Libya during Middle-Late Miocene was caused by convergence 
that took place east and west of the Ionian Plain in the central Mediterranean. This 
produced uplifting and intensive folding in northwestern Libya and the western Sirte 
region. The convergence between the continental Hellenic Arc and the Cyrenaica Ridge 
resulted in the development of the Mediterranean Ridge, and folding and uplifting in the 
Jabal Al Akhdar region. 
2.7 Summary 
The Sirte Basin is a rifted intracratonic basin, developed near the north African plate 
margin. It is interpreted as a wide collapsed block of the African plate, dips gently 
northward and extends to the central Mediterranean. The Late Cretaceous stretching 
phase in the central Mediterranean, resulted in marked tectonic effects on the upper Sirte 
margin, and on the Sirte Basin, with impressive marine flooding over the whole north 
African plate. During this time, the Tibesti-Sirte Arch collapsed, starting with the 
formation of the NW-SE oriented Agdabia Trough associated with concurrent collapse of 
the Cyrenaica western margin. From this time onward, central part of the Cyrenaica 
became a relatively stable platform surrounded by fast subsiding area. The first phase of 
extension and initial subsidence was followed by widespread thermally driven subsidence 
through the Tertiary period. 
The development of the Sine Basin was generally controlled by regional tectonic 
phases, corresponding to plate reorganisations related to the evolution of the Atlantic and 
Mediterranean Sea in late Mesozoic and Tertiary times. During late Cretaceous-early 
Tertiary times, the right lateral divergent movement between Africa and Europe caused 
the final collapse of the Sirte Basin as crustal extension took place along the 
Mediterranean Sea. The Sine Basin continued to subside during the Tertiary time and 
mainly carbonate sediments were deposited in a predominantly open marine environment. 
At the late Tertiary period, a major lowering of sea level has uncovered large areas of 
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eastern Sine Basin and Cyrenaica Platform and shrunk of Gulf of Sine close to its present 
position. The Late Miocene was a period of emergence throughout the Mediterranean 
region, and no marine Pliocene deposits have been documented. This marks the onset of 
continental deposition over large parts of the basin. The investiagtion of the eastern 
margin of the Sine Basin would be of interset and might add important information to our 
knowledge of the Messinian paleogeography of the Mediterranean basin. 
The sedimentary and tectonic history of the eastern Sine Basin can be taken to 
address the evolution of palaeogeography of Mediterranean basin. Carbonate deposits are 
abundant along the southern continental margin of the Tethys, and this may be related to 
and conditions along the African margin. However, the position of the eastern Sine 
Basin platform margin in passive margin setting was possibly affected by larger scale 
crustal structural patterns created during rift-related extension. The tectonic setting, such 
as the hinge-line between the Sine Basin and Cyrenaica Platform may control the rate and 
style of subsidence and the nature of the foundation upon which a carbonate platform 
developed. The palaeotectonic setting also determines the nature of the adjacent 
hinterland and therefore, in part, the rates of terrigenous clastic sediment supply to the 
shelf or basin. The relationship between the stratigraphy and structural setting across the 
hinge-line in passive continental margins has been study in this research. 
The structural blocks in the Sine Basin are the location of carbonate sedimentation 
and characterise the passive margin situation in palaeoclimates favourable for the 
production of carbonates. The evolution of the eastern Sine Basin carbonate passive 
margin is a good model since it clearly shows how the history of this type of margin is 
dominated by interaction between regional effects, and controlled by the thermal 
subsidence consecutive to the extension. However, the regional controls on the Tertiary 
sediment distribution in the eastern margin of the Sine Basin are relatively poorly 
documented, and this situation is rectified by this research. 
The stratigraphic column of the basin is represented by a thick sequence of 
continental and marine origin sediments that vary in lithology from clastics to carbonates 
and associated evaporites. In the Tertiary, shallow water carbonates accumulated on the 
platform areas, while deep-water sediments were deposited in the troughs. In carbonate 
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depositional systems, the cavernous porosity in platform edges can trap hydrocarbons, and 
the platform-interior facies dominated by algae offer good source rocks for hydrocarbons. 
The presence of many sedimentary cycles with corresponding source, reservoir, and seal 
rocks, suggest that the opportunities for hydrocarbon accumulations in the area could be 
potentially large. 
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Seismic Reflection Interpretation 
3.1 Introduction 
Seismic reflections result from the reflection of seismic waves from physical 
interfaces, which are generated by changes in the acoustic impedance. The amplitude and 
polarity of these reflections are controlled by the acoustic impedance contrast between the 
underlying and overlying rock units. The seismic reflection method is considered the best 
indirect technique used in petroleum exploration to identify prospective locations. The 
seismic method usually begins with data recorded in the field, using some form of data 
acquisition process. The second step is to enhance the recorded data by signal processing 
to produce the seismic section. The final step is the interpretation stage, in which the 
seismic data are converted to geological information. The quality of geological 
information obtained is highly dependent on the accuracy of the data acquisition and data 
processing processes, before interpretation. 
Seismic interpretation can provide useful information for identification of the 
stratigraphy and structural style of the subsurface geology. The basic task of seismic 
interpretation is to select the events on the seismic record that represent primary 
reflections. Determination of the structural setting and tectonic evaluation, through 
interpretation of seismic reflection data, is the main aim in this chapter. Using seismic 
interpretation, this chapter identifies the types of structures present and how structural 
features relate to each other. The interpretation of stratigraphic features in the study area is 
presented in Chapter 7. 
This chapter deals with the interpretation of the structural features seen on the seismic 
sections and the mapping of these features at intervals through geological time in order to 
define the structural evolution in the Agdabia Trough and the Soluq Depression. Fifty- 
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four seismic sections, representing dip and strike profiles, are fully interpreted. This study 
focuses on the seismic interpretation of the Tertiary sedimentary succession, where nine 
seismic sequences are traced and contoured. The seismic reflection sequence below the 
Tertiary level is not clear, and has not been interpreted. The result of this interpretation is 
a set of two-way time structural contour maps. 
3.2 Seismic database 
The interpretation of the seismic data is usually based on the study of the record 
section. The Arabian Gulf Oil Company (AGOCO) supplied the seismic data used in this 
interpretation. Two seismic reflection surveys were carried out in the Agdabia Trough and 
Soluq Depression. Survey 1987 covers the southern part and survey 1989 covers the 
northern part. Fifty-four multi-channel seismic reflection profiles have been used in the 
structural interpretation in the concession NC 129. The seismic lines are oriented in a NW-
SE and NE-SW direction. The surveys are in a 2.5 x 2.5 km grid, with more open spaced 
lines over the area toward the northeast. Fig. 3.1 shows the shotpoint location map of the 
seismic profiles used in this interpretation. The following sections briefly describe the 
chosen parameters that were used in the data acquisition and processing, as well as the 
quality of the seismic sections available in this study. 
3.2.1 Data acquisition 
The seismic data used in this interpretation was acquired by AGOCO in 1987 and 
1989. This data was shot and recorded by GECO-PRAKLA and the Bulgarian Oil 
Company (BOCO) respectively. Lateral and vertical changes in geology are expected in 
the area as a result of different environments of deposition. In order to evaluate those 
geological variations and to control the distance between the expected major features in 
the area, close seismic line spacing was chosen. The seismic grid-lines are parallel to the 
regional dip and strike directions in the area. Also, the NW-SE oriented seismic lines are 
parallel to the main faults trend, and the NE-SW seismic lines are crossing that trend. 
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Fig. 3.1. Seismic reflection profiles and wells location in concession NC129. 
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The most significant seismic acquisition parameters of the interpreted data are 
The number of receiver groups is 96. 
There are 36 receivers per group. 
The spacing between channels is SUm. 
The data recorded had a subsurface coverage of 24 fold. 
The record length is 4.43 seconds 
The rate of sampling is 2 ms. 
The choice of seismic source to be used, and the geometry of source and receiver 
patterns, are important considerations. The programme area has a very smooth terrain in 
general, therefore, the Vibroseis technique was used as the energy source. In order to 
attenuate surface noise, and to improve the weak signal to noise ratio, four vibrators in 
source arrays were used, generating a 12 Hz to 71.5 Hz sweep over a 14 seconds interval. 
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Fig. 3.2 The geometry of seismic source and receiver patterns used in the data acquisition. 
3.2.2 Data processing 
The selection of the correct processing parameters is an important step in the seismic 
interpretation, and is influenced by geological considerations. Seismic data processing 
usually begins with correcting the data for the effect of near-surface time delays through 
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the application of static corrections. This is then followed by the correction of normal 
moveout through the stacking processes. Various filtering processes are often then 
applied, with the purpose of improving signal to noise ratio. However, the selection of 
processing parameters was based on a standard series of processing tests. In this study, the 
survey 1987 seismic data was processed by GECO-PRAKLA while survey 1989 data was 
processed in AGOCO processing centre. Fig. 3.3 illustrates the significant recording and 
processing parameters that apply to the available seismic reflection data in both 1987 and 
1989 surveys. 
3.2.3 Seismic section quality 
Final stack seismic sections have been used in this interpretation. The quality of these 
sections is moderate to good in general. However, the investigated area can be divided 
into two main pasts, representing some differences in the data quality. Good seismic 
reflection quality is associated with the more gently dipping layering at the southern 
platform area. The shelf margin, however, is of a more variable quality, which is generally 
moderate. Due to the expected lateral lithological variations, some discontinuities are 
observed at some reflectors. The data quality in some areas in the northern survey is 
generally moderate. The decreasing data quality in these areas may be attributed to karst 
holes near the surface and strong lateral variation in platform lithology. Low amplitudes 
dominate entire sections making the interpretation a difficult task. 
Generally, good quality data are expected over a flat area, and worse data near the 
fault zones. At the shelf-edge, the section displays very complex structural patterns due to 
faulting. The seismic sections show better reflection quality from the surface until the 
level of the top Palaeocene sequence. Poor data quality appears underneath that level, 
making it very difficult to establish the upper boundary of the Upper Cretaceous sequence. 
Also, the resolution of the data at the lower part of the sections makes the tracing of the 
interpreted faults, deeper than that level, a difficult task. 
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ARABIAN GULF OIL COMPANY 
BENGHAZI 
Recording: 
Field party: Prakla LY 285 
Field system: DFS V, 96 channels 
Subsurface Coverage: 24-fold 
Record Length: 4.4325; Sampling Rate: 2 ms 
Filter: 8Hz-128Hz 
Receiver type: SM 4 
No of Groups 96, Spacing SOm 
Group Length 93.33m, 36 Receivers per Group 
Source Group Spacing: lOOm 
Source Type: 4 Vibrators 
Sweep: 12 Hz -71.5 Hz, Length: 14s 
Vertical Stack: 7 x 2 fold 
Processing: 
Tape Format: 5E0-B, 9-Track, 1600 BPI 




Correction Velocity 2100 ni/sec 
Datum Level Om A.S.L 
Automatic Residual Statics 
Horizontal Stacking: 24-Fold 
Frequency Filtering: 12 Hz -72 Hz 
Display 
Scale: 1:50,000 Is = 10cm 
Trace Spacing 0.5 mm 
Polarity: Positive Numbers = Black 
LIBYA 1987 CONC. NC129 
LINE NC129-87-Example 
Fig. 3.3 A simplified side-header as an example of both field and processing parameters 
applied to reflection seismic sections used in the research. 
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3.3 Linking between wells and seismic 
Nine wells have been used for the purpose of linking the seismic data. Fourteen 
seismic lines run through those wells (Fig. 3.1). It is necessary to use the well velocity 
surveys or sonic logs to relate the seismic events to the geological horizons. The two-way 
time, calculated from well velocity surveys (or sonic log integrated time), has been used 
for linking between wells and seismic profiles. The marking of the reflection horizons is 
started with determination of two-way time to each stratigraphic level on the seismic 
profiles. Unfortunately the well velocity technique does not survey the whole-penetrated 
section in some wells. Therefore, the sonic log is used to tie the wells with the seismic 
reflectors in the deeper sections in those wells. Integrated times have been calculated from 
the sonic logs interval transit times. Appendix 1(a) illustrates logic steps of a FORTRAN 
program used in the calculation. 
The well locations are the best place to start to trace the lateral continuity of the 
selected events. The interpretation of the seismic lines that run through wells was the first 
step in picking the horizons. The seismic reflectors were correlated with lithological 
variations at various levels of the sub surface strata, and tied to gamma ray and sonic logs. 
The datum used in the available seismic section is the main sea level, but the datum used 
in some wells is 20 m below that level. Therefore, required datum-correction has been 
done to those wells. The well ties provided an initial time pick for the sequence reflectors, 
but the lateral development of reflection termination was considered a more reliable 
criterion away from the well control. Nine reflectors represent the seismic sequences, 
which can be correlated and traced continuously all around the loop. 
3.4 Defining reflection packages 
The main step in this seismic interpretation was identification of the reflection events 
on the seismic section. The consideration of geological knowledge and study of the well 
logs in the Agdabia Trough and Soluq Depression, was the first step to be taken, not only 
to give useful geological information, but also to indicate where strong reflections are 
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expected. Figs. 3.4 & 3.5 illustrate two lithostratigraphic cross-sections in southern and 
northern parts of the area. The lithological logs in the wells provide the basis for 
identification of reflectors in terms of boundaries between rocks of different type. Those 
seismic events are generally continuous over the study area, except for faults, which 
introduce discontinuities in the reflectors. The seismic signature may vary for specific 
reasons such as variation in lithology, or variation in seismic resolution. The reflection of 
the sequences can change laterally as a result of changes in the reflection coefficient, or 
disappear laterally, as a result of faulting or pinch-out. The strongest reflections usually 
result from significant changes in lithology, where the mostly are caused by impedance 
contrasts. 
Mitchum et al. (1977) defined the sequence boundaries on seismic section by 
delineating and correlating the surfaces at which stratal discontinuity, in form of toplap, 
onlap, downlap and erosional truncation, was evident. Seismic event identifications, in 
this study, are based upon the correlation of the well control with the seismic data, together 
with the evaluation of the seismic boundary conditions according to the principles of 
seismic stratigraphy. The stratigraphic section is subdivided into seismically definable 
depositional packages bounded by extensive laterally continuous surfaces. The 
identification of sequence boundaries is discussed in some detail in Chapters 6 & 7. 
In shelf margin areas in general, as in the study area, the environment of deposition 
changes laterally along time lines and consequently reflections change their characteristics, 
and are discontinuous. This makes it difficult to trace the reflector over the whole area. 
However, the identified seismic features in this interpretation are compatible with the 
structural style of area. A correlation procedure between the reflectors around all loops of 
the surveys defines major structural features, such as dip trends and faults. In Figs. 3.6 & 
3.7, nine seismic sequences from the top Upper Cretaceous to the surface have been 
identified and consecutively numbered: 1,2,3 etc. The seismic reflectors of the 
depositional sequences are as follows: 
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Fig. 3.4. Chronostratigraphic correlation with lithostratigraphy of the penetrated sedimentary sequences of four wells located on the hinge-zone of the 
Cyrenaica Platform with Sine Basin, the correlation of the wells is based on the final lithological composite log and on the interpretation of gamma-ray and sonic 
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Fig. 3.5. Chronostratigrapic correlation with lithostratigraphy of the sedimentary sequences between three wells in the northern shelf area, 
the correlation of the wells is based on the final lithological composite log and the interpretation of gamma-ray and sonic logs. Log curves 
have been plotted with a sampling interval of 3 metres, and the datum is mean sea level. 
Reflector 1. This reflector is the base Palaeocene sequence, which is considered the 
deepest identifiable reflector in this interpretation. Generally the reflector has a two-way 
time in the range between 1.3 sec (toward the platform) and 3.0 sec (toward the basin). 
The base Palaeocene is penetrated only in three wells in the area: A1-NC129, 11-41 and 
M1-41. In wells A1-NC129 and M1-41, the lithology of the penetrated section of the 
Upper Cretaceous sequence represents limestone as the predominant lithology (Figs. 3.4 & 
3.5). In 11-41, the penetrated section is thicker, consisting of limestone and shale. The 
reflection quality associated with the horizon ranges from fair to poor, and in some cases it 
is ambiguous. On the shelf, the horizon doesn't have the same lateral continuity as on the 
slope. The reflector quality is poor on the shelf, while on the slope the reflector is 
relatively much stronger. However, the reflector can hardly be followed throughout the 
study area due to discontinuity related to structural disturbances, which makes correlation 
quite poor. A large number of faults clearly dissect the horizon. The resolution of the 
seismic data below this level makes it difficult to follow these faults. 
Reflector 2. This reflector represents the upper boundary of the Palaeocene sequence. 
The reflector two-way time is in the range between 1.2 sec on the shelf and 2.8 sec toward 
the basin. Dolomite is the predominant lithology in the Palaeocene sequence, with some 
beds of shale (Figs. 3.4 & 3.5). The dolomite is interbedded with some intervals of 
anhydrite in the south. The reflector is strongly faulted, especially at the hinge zone 
between the platform and basin. 
The reflection quality associated with the top Palaeocene shows good lateral 
continuity with only local discordances. A laterally continuous marker of strong amplitude 
tops the sequence. This surface can be easily matched and followed throughout the 
investigated area, and acts as a good reference or datum for the interpretation and profile 
correlation. However, the reflector is characterised by some irregularity in the reflection 
surface on most sections. This irregularity may correspond to an erosional surface. 
Reflector 3. This reflector is associated with the top of the Lower Eocene sequence I. 
A planar event dipping toward the southwest represents the reflector. Reflection two-way 
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Fig. 3.6. Seismic interpretation along line NC 129-87-08 (dip line, for location see Fig. 3.1). The boundaries between the sequences shown 
as following; (1) base Palaeocene sequence, (2) top Palaeocene sequence, (3) top Lower Eocene sequence I, (4) top Lower Eocene sequence H, 
(5) top Middle Eocene sequence, (6) top Upper Eocene sequence, (7) top Lower Oligocene sequence, (8) top Upper Oligocene sequence, 










Fig. 3.7. Seismic interpretation along line NC 129-87-03 (strike line, for location see Fig. 3.1). The boundaries between the sequences shown as following; 
(1) base Palaeocene sequence, (2) top Palaeocene sequence, (3) top Lower Eocerie sequence I, (4) top Lower Eocene sequence 11, (5) top Middle Eocene 
sequence. (6) top Upper Eocene sequence, (7) top Lower Oligocene sequence, () top Upper Oligocene sequence, (9) top Lower Miocene sequence. 
time of the horizon ranges between 1.0 sec and 2.6 sec. The Lower Eocene sequence I is 
characterised by a lateral lithological variation, which is mostly limestones and shales 
(Figs. 3.4 & 3.5). The limestone is the predominant rock type in the northeast. Toward 
the southwest, the limestone is interbedded with marls. The reflection quality associated 
with the top Lower Eocene sequence I is good. High amplitudes characterise this reflector. 
Although, large number of faults cuts the reflector, it clearly represents a very strong and 
lateral continuous event. 
This reflector is thought to signify a change from carbonate regime in the Lower 
Eocene sequence Ito a non-carbonate regime in the overlying Lower Eocene sequence H. 
Therefore, the reflector can be followed throughout the study area, and also is used as a 
good reference or datum for the interpretation and profile correlation. Thinning and pinch 
out of the sequence can be identified around the area of well 11-41. However, in the 
northern shelf areas the reflector is difficult to identify on the available seismic data. 
Reflector 4. This reflector identifies the top of Lower Eocene sequence II. A clear 
event dipping toward the southwest represents the boundary. The reflection two-way time 
ranges approximately between 1.1 sec and 2.7 sec. The Lower Eocene sequence II shows 
lateral lithologic facies changes throughout the Agdabia Trough and Soluq Depression. 
Shale interbedded with some intervals of limestone and marl is a predominate rock type in 
the sequence (Figs. 3.4 & 3.5). A large number of normal faults are clearly defined on this 
reflector. 
The reflection quality of the reflector is generally good. The reflector shows a very 
high amplitude and good lateral continuity throughout most of the area of study. The 
reflector can be followed reliably to some extent over most of the area, which makes it 
very reliable in identification and mapping. However, the continuity of this reflector 
becomes weaker towards the northeast, and the boundary is less defined, being of lower 
amplitude and more discontinuous. 
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Reflector 5. This reflector is associated with the upper boundary of the Middle 
Eocene sequence. The two-way times of the reflector are in the range between 0.6 sec and 
2.7 sec. As in the previous cases, the dip is significant toward the southwest (basinward). 
The Middle Eocene sequence is composed of relatively uniform lithology throughout the 
area (Figs. 3.4 & 3.5). The sequence lithology is mainly limestone interbedded 
occasionally with some intervals of shale and marl. There are some faults dissecting the 
reflector, which are clearly defined on the dip profiles. The reflection character associated 
with this level is generally ranging from fair to poor. Weak, horizontally-continuous 
amplitude can be observed for the reflector. The lateral continuity of the reflector is poor 
on the platform, and the sequence can hardly be followed throughout the eastern area being 
of lower amplitude and more discontinuous. In the slope and shelf margin areas, the 
reflector is relatively much stronger. 
Reflector 6. This reflector defines the top of the Upper Eocene sequence. The 
reflector shows a significant dip toward the southwest. The two-way time of this reflector 
is in the range between 0.5 sec and 2.5 sec. The well data generally show lateral 
lithofacies changes in the Upper Eocene sequence. As in the previous sequence, it consists 
mainly of limestone and shale (Figs. 3.4 & 3.5). The lithology of the sequence in the 
northern shelf area shows that chalky and argillaceous limestones are the common rock 
types. The lithology of the sequence towards the basin shows shale with intervals of marl 
as the main rock type. 
The reflection quality changes markedly from place to place. Generally, the reflection 
pattern of high-amplitudes and relatively strong continuity is associated with the reflector 
in many places. This reflector is thought to reflect the change from carbonate in the Upper 
Eocene sequence to a non-carbonate regime in the overlying Lower Oligocene sequence. 
Good to fair reflection quality of high amplitude and lateral continuity is observed to the 
north and east. Over those areas, the reflector can be followed reliably to some extent. 
However, this reflection becomes weak, with significant discontinuity, to the southwest. 
The reflector in those areas is, therefore, sometimes difficult to follow. 
71 
Reflector 7. 	This reflector is associated with the top of the Lower Oligocene 
sequence. The reflector generally dips toward the southwest. A significant increase in the 
dip occurs in the southwest. This horizon appears between two-way times of 0.5 sec and 
2.0 sec. The well information shows that the Lower Oligocene sequence is characterised 
by a lateral change in lithofacies throughout the area. The major rock type in the sequence 
is limestone and shale (Figs. 3.4 & 3.5). The proportion of shale increases substantially 
towards the southwest, consistent with the deep basin. 
The reflection quality at the top of the sequence can be divided in two parts. In the 
north and east the reflector consists of strong and continuous reflection, where the 
horizons can be followed throughout the study area. The seismic expression in some parts 
in the north shows variable amplitude, moderately continuous reflector. In the 
southwestern part, the reflection quality is ranging from fair to poor. In this part, it can 
hardly be followed due to the discoritinuily, which may be related to lateral lithology 
variation. 
Reflector 8. This represents the reflector surface at the top of the Upper Oligocene 
sequence. The reflector dips toward the southwest, and relatively shows great dip than the 
top of the overlying Lower Miocene sequence. The two-way time of this reflector is in 
range between 0.3 sec (on the platform) and 1.6 sec (on the slope). The sequence shows 
some lateral variation in lithology (Figs. 3.4 & 3.5). The lithology of the sequence is 
mainly limestone, interbedded occasionally with intervals of dolomite, shale and marl. 
This lithology has converted gradually to shale as we move toward the basin. 
The reflector shows good lateral continuity with only local discontinuities. In the 
southern area, the reflector shows lateral changes in reflectivity from place to place. The 
reflector can be followed easily in the slope and shelf margin areas due to the high seismic 
reflection quality. There is a very strong and continuous event, especially in the 
southwest, and the reflection quality changes laterally to fair toward the basin. However, 
the reflector can be followed reliably to some extent over most of the area. 
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Reflector 9. This reflector identifies the upper boundary of the Lower Miocene 
sequence, which is the shallowest correlatable horizon in the Agdabia Trough and Soluq 
Depression. The reflector shows a smooth gentle dip toward the southwest. The two-way 
time of the reflector ranges between 0.1 sec and 0.7 seconds. Limestone and shale (Figs. 
3.4 & 3.5) dominate the lithology of the Lower Miocene sequence in the area. The 
limestone facies are predominant in the area toward the platform, whereas the percentage 
of shale to limestone increases as we move basinward. 
This reflector exhibits strong amplitude and high continuity. In the south, reflection 
quality associated with the horizon is good, characterised by continuous and strong 
amplitudes. A laterally continuous marker of strong amplitude on the slope and shelf 
margin areas tops the Lower Miocene sequence. No disturbance of the reflector was 
noticed, but it is a horizontally continuous event. In the north and northeast, the reflector 
is marked by variable amplitude, moderately continuous reflector. However, the reflector 
can be easily identified and followed throughout the entire area, and provides a good 
reference datum for the interpretation and profile correlation. 
3.5 Structural interpretation 
The seismic method gives clear evidence of faults in the subsurface and any major 
structural deformation. Faults should be interpreted with accuracy to define their age of 
movement, and the sediment they affect. The faults can be recognised on seismic section 
by criteria such as: discontinuity of events, diffraction or an abrupt change in dip. On the 
seismic section, the faults can be identified where there is a break in the lateral continuity 
of sedimentary layers. In the Agdabia Trough and Soluq Depression, the high amplitude 
reflectors associated with the Palaeocene sequence and the Lower Eocene sequence I, are 
used as a regional marker horizon to delineate the deformation. 
All the observed faults are normal, and are down-thrown towards the basin (Figs. 3.6 
& 3.7). These figures clearly show that the Middle Eocene sequence reflector truncates 
most of the faults, although minor displacements are observed on some faults above this 
level. The apparent dip of these faults commonly range from 90 degrees to about 60 
73 
degrees, and the maximum vertical displacement of the faults on the seismic profile is 
about 50 ms. Within the interpreted area, clear listric fault geometry's are rarely observed. 
Planar normal faults are common type, but occurs with smaller throws compared to those 
of the listric normal faults. However, the exact geometry of faults deeper in the section is 
difficult to define. The observed decrease in the displacement with depth may be due to 
the limitation of the seismic resolution at those depths. 
The vertical displacement of major faults is likely to occur contemporaneously with 
sedimentation in the Agdabia Trough and Soluq Depression. These faults 
characteristically have stratigraphic sequences that are thicker on the hanging-wall blocks 
than the equivalent sequences on the foot-wall blocks. The disparity in thickness develops 
because as faulting continues, sediments accumulate most rapidly in the deepest part of the 
basin, thereby keeping the surface of deposition approximately flat and horizontal. 
Growth faults are common features of the structural style, in which the sediment deposited 
of some sequence is thicker on the downthrown side than on the upthrown side. This is of 
fundamental importance to the history of the basin development. Fig. 3.8 shows the two 
fault geometries identified in the area. No flower structure has been observed, but those 
growth faults are also associated with antithetic faulting. Conversion of seismic times to 
depths has been done in Chapters 5, to eliminate and avoid the apparent and unreal effect 
of the faults. 
3.5.1 Fault patterns 
After identifying faults on seismic sections, the similarities in the fault characteristics 
are systematically correlated from line to line between faults across the surveys. Often it is 
necessary to refer back to the original sections, to determine which faults are of similar 
appearance. Some of these faults have a major amount of displacement along them and 
accommodate the major deformation, whereas other faults have a relatively minor 





Fig. 3.8. Diagram showing the common fault geometries recognised in the area, 
(a) normal planar, and (b) normal listric. 
demonstrated in a series of structural maps of the top of each sequence (Fig. 3.9). 
Fig. 3.9 shows two main fault trends in the Agdabia Trough and Soluq Depression: 
NW-SE and WNW-ESE. These trends are evident in the fault maps of the tops of the 
Upper Cretaceous, Palaeocene and Lower Eocene sequences. In the maps of the younger 
sequences fewer faults have been developed. The NW-SE trending faults dominate most 
parts of the area. Major sub-parallel faults are developed at the shelf margin. In the 
vicinity of wells A1-NC129 and R1-41, a relatively limited number of fault trending 
WNW-ESE, have been identified. This indicates the trend of fault deformation is mainly 
run NW-SE across the Agdabia Trough and Soluq Depression, with minor trends running 
WNW-ESE in some places. 
In the area of study, the deformation is more intense in the area of the shelf margin. A 
I arge number of faults are developed in this area, and are characterised by relatively large 
amount of displacement along them. The intensity of these faults may be a consequence of 
their location above a hinge-line between the Sirte Basin and Cyrenaica Platform. These 
faults most likely accommodate stretching above the hinge-line where the basin side of the 
shelf edge subsides more rapidly. 
The Sirte Basin, in general, is distinguished by its elongated form and associated 
major NW-SE trending structural features. It was formed by extensional tectonics, and is 
characterised by large scale areas of uplift, subsidence, and normal faulting. Fault 
interpretation in the Agdabia Trough and Soluq Depression appears to be compatible with 
the regional tectonic style. The tectonic analysis indicates the main tectonic trend of the 
basement block-faulting to be NW-SE, which has resulted in the development of the Sirte 
Basin depositional axis along this trend. This trend is controlled the subsidence of the 














-11 / T-\ 	TOP PAMEOCENE 1 	 11 
FAULTS 
47 






N - \ 	1U4I 







TOP MIDDLE / N EOCENE SEQUENCE 
FAULTS 
4- 











\ 	ALNS 7 Z9 - \ AEIJW1S 
\ 	 07-47 
-\ 
1' 	 N747 
/ / MI-Al 
/ 
/ 	 70? LOWER / OLICOCENE SEQUENCE 
/1 	 FMIL1S 
Fig. 3.9. The traces of faults at the top of seismic sequences in Agdabia Trough and Soluq Depression. All of these faults are extensional types, and 
downthrown towards the southwest. Note: decreasing of fault density in the younger sequences. 
3.6 TWT-structure contour mapping 
3.6.1 Digitising 
Once all the principal seismic sequences are identified on the seismic sections, 
selected marker horizons are digitised. Digitising is simply the measurement of two-way 
time to the picked events along each section. The digitisation has provided easier access 
for further data processing, such as two-way time mapping and time-to-depth conversions. 
Each horizon is digitised at specific intervals on every seismic line. The selection of the 
appropriate shotpoint intervals between readings depends on the complexity of the 
structure visible on the section. The seismic sections were digitising approximately every 
5 shotpoints, decreased in areas of greater complexity, where rapid structural changes 
occurred and around faults. At the locations of faults, the horizons times on both the up-
and down-thrown sides were digitised. 
A total of nine seismic boundaries were digitised and mapped. These boundaries from 
older to younger are the tops of: 
(8) the Lower Miocene sequence 
(7) the Upper Oligocene sequence 
(6) the Lower Oligocene sequence 
(5) the Upper Eocene sequence 
(4) the Middle Eocene sequence 
(3) the Lower Eocene sequence 
(2) the Palaeocene sequence 
(1) the Upper Cretaceous sequence. 
3.6.2 Posting and contouring 
The quality of computer contouring depends to a large extent on the computer 
program and the way it is used. Z-Map, of the ZYCOR modelling and mapping software 
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system, has been used to perform the contouring in this study. The first step in contouring 
is to post the two-way time values in their correct positions on the shotpoint map. The 
data is scaled and converted to two-way time values versus shotpoint, which are gridded 
and interpolated to a uniform specified shotpoint increment. 
The interpolating process was done through a griding operation. A structural time 
contour map for each horizon was constructed. The maps were plotted with contour 
intervals of 50 ms. The selection of the contour interval is usually compatible with 
accuracy of data and type of structure. Smoothing out the contours was done to minimise 
any remaining misties, including the small errors in digitising. As well as the contour 
maps being interpreted geologically they have been depth converted using appropriate 
velocities (see Chapter 5). 
3.7 TWT-structure maps 
The seismic maps in this chapter are used to demonstrate areal extent of the structural 
features identified on seismic profiles. A total of eight TWT-structural contour maps have 
been constructed. The interpretation of these maps is discussed in the following sections. 
3.7.1 Top Upper Cretaceous sequence map 
The TWT structure contour map of the top Upper Cretaceous sequence (the base 
Palaeocene sequence) is shown in Fig. 3.10. The map generally represents a dipping 
surface towards the southwest. The minimum TWT contour value is 1.3 sec and the 
maximum contour is 3.0 sec. The sequence shows a relatively gently-sloped surface in the 
north and northeast. Close contour spacing in the map indicates an increase in dip gradient 
towards the southwest up to dips as high as 5 degrees. A number of extensional normal 
faults are identified on this surface of NW-SE general trend. There are some minor faults 
of approximately WNW-ESE general trend. The concentration of these faults has been 
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Fig. 3.10. Time structure contour map of top of the Upper Cretaceous sequence in the 
Agdahia Trough and Soluq Depression. 
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observed at the platform margin area. Because of the seismic resolution, the identification 
of these faults in the deeper sections is a difficult task. 
3.7.2 Top Palaeocene sequence map 
Fig. 3.11 shows the TWT structure contour map of the top of the Palaeocene 
sequence. The events on this map show a gradual dip of the horizon towards the 
southwest. Wide contours, that indicate a gentle dipping sequence, are located at the 
northeast. The dip gradient increases toward the southwest. Major faults of NW-SE trend, 
which are downthrown southwest, have been defined on the top of the sequence. There are 
some smaller faults, of approximately WNW-ESE trend, also defined at this level. The 
faults are mainly concentrated in the area of the shelf edge, which is interpreted as 
deveiopiiig on the hinge zone between the basin And the platform. The basin subsidence, 
and the displacement of the normal faults, seems to be the most significant factors 
affecting the general surface pattern. 
3.7.3 Top Lower Eocene sequence map 
The top Lower Eocene sequence time-structure contour map is shown in Fig. 3.12. 
The map shows some irregularity in the contour patterns at the shelf area, but a general dip 
towards the southwest has been observed. The contour lines in the southwest indicate 
increasing dip gradient basinwards. This increase in dip becomes more significant beyond 
the area of the palaeoshelf margin (to the southwest of well 11-41). A large number of 
faults have been observed on the top of the sequence. All faults are normal type of a NW-
SE strike trend, which are coinciding with the general structure trend. The major faults 
extend along strike direction, and are accompanied by compensating antithetic faults (Fig. 
3.6 & 3.7). The TWT contours are affected by those faults, especially at the shelf margin 
area. Thermal subsidence of basin is expected to be the main reason for increasing dip 
gradient basinward. Also, the fault displacement, which is downthrown towards the 
southwest, may affect the dip gradient in this sequence. 
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Fig. 3.11. Time structure contour map of top of the Palaeocene sequence in the 
Agdabia Trough and Soluq Depression. 
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Fig. 3.12. Time structure contour map of top of the Lower Eocene sequence in the 
Agdahia Trough and Soluq Depression. 
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3.7.4 Top Middle Eocene sequence map 
Fig. 3.13 shows the contour map of the two-way time and the structural features of 
the top of the Middle Eocene sequence. The map has broader contour spacing at the east 
and northeast areas, indicating a smooth and gentle dip towards the southwest. In the 
southwestern part of the area, the map shows relatively narrower spaced contours, 
indicating an increase in the dip gradient basinward. Two sub-parallel major faults have 
developed to the east and west of well 11-41. These faults are normal type, with a NW-
SW strike direction. The sudden change in the dip gradient in the southwest, may 
interpret as being a consequence of the development of the hinge-line between the 
platform and the basin. However, there is a significant change in this map comparing 
with the previous maps. Moie uniform slopes with uniform strike direction have been 
observed. 
3.7.5 Top Upper Eocene sequence map 
The TWT structure contour map of the top of the Upper Eocene sequence is shown in 
Fig. 3.14. The contour pattern in this map shows a dipping surface towards the southwest. 
Wide spacing contours, indicating gentle dip gradient, occur in the east and northeast. 
Relatively closer contours have been observed in the southwest. The map displays the 
development of minor faults following the NW-SE trend. However, these faults do not 
affect the contours shape in any significant way. The increasing dip gradient toward the 
southwest, is mainly attributed to the effect of thermal subsidence of the post-rift 
succession across the hinge-line between the basin and the platform. The depositional 
pattern and hinge-line effect may also influence the dip of the sequence toward the 
southwest. 
84 






CONC. Nd! 29 (ACOCO) 
/ TOP MIDDLE EOCENE 
/ TWO-WAY TIME Cj1 50 
/ 	 - 	I 
in a... 	 sag.... 	 ,... 
*rfluft status 	u14tuu 	us 	 .IIrvtu stag 
Fig. 3.13. Time structure contour map of top of the Middle Eocene sequence in the 
Agdahia Trough and Soluq Depression. 
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Fig. 3.14. Time structure contour map of top of the Upper Eocene sequence in the 
Agdahia Trough and Soluq Depression. 
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3.7.6 Top Lower Oligocene sequence map 
The two-way time structure map of the top of the Lower Oligocene sequence is 
shown in Fig. 3.15. The sequence shows a smooth consistent dip towards the southwest. 
The shallowest contour, located at the northeast, has a value of 450 ms The deepest 
contour is 2050 ms, and is located at the southwest. The contour pattern for this sequence 
shows relatively closer contour spacing in the southwest. In the absence of any 
significant structural feature, the increasing dip gradient towards the southwest is 
attributed to thermal relaxation of the post-rifted sequences basinward. 
3.7.7 Top Upper Oligocene sequence map 
Fig. 3.16 shows the TWT structure contour map of the top of the Upper Oligocene 
sequence. The map shows a dipping sequence toward the southwest, which is consistent 
with the dip direction of the underlying sedimentary succession. The contour lines have a 
closer spacing toward the basin. The minimum TWT is 250 ms found in the northeast, and 
the maximum TWT is 1650 ms found in the southwest. The significant dip of the 
sequence toward the southwest can be attributed to the thermal subsidence of the 
sedimentary succession, over the area of the hinge zone. 
3.7.8 Top Lower Miocene sequence map 
The top Lower Miocene sequence is the shallowest reflector mapped in this study. 
The time-structure contour map of this surface is shown in Fig. 3.17. The map shows a 
very smooth gradually increasing two-way time towards the southwest. The shallowest 
part of the sequences is 100 ms located at northeast. The deepest part is 700 ms observed 
in the southwest. Minor faults of normal types that cut through the reflector of a NW-SE 
trend have been identified. The dip of the sequence, toward the southwest is mostly due to 
the thermal relaxation of the basin. This interpretation may give an indication about the 
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Fig. 3.15. Time structure contour map of top of the Lower Oligocene sequence in 
the Agdabia Trough and Soluq Depression. 
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Fig. 3.16. Time structure contour map of top of the Upper Oligocene sequence in 
the Agdabia Trough and Soluq Depression. 
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Fig. 3.17. Time structure contour map of top of the Lower Miocene sequence in the 
Agdabia Trough and Soluq Depression. 
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continuous thermal subsidence of this late post-rift sequence in the eastern margin of Sirte 
Basin after Early Miocene time. However, the decreasing dip gradient in this horizon 
comparing with previous horizons indicates a reduction in the basin thermal relaxation 
with time. 
3.8 Summary 
The objective of the seismic interpretation in this chapter was to evaluate the 
structural setting of the subsurface geology in the Agdabia Trough and Soluq Depression. 
Fifty-four final stack seismic sections, representing dip and strike profiles, are fully 
interpreted in this study. Nine seismic reflectors, representing the Tertiary sedimentary 
succession in the area, have been chosen for picking, interpretation and contouring. 
however, there is nn clear seismic information associated with the deeper sedimentary 
units, and this may be attributed to decreasing seismic resolution and increasing 
complexity in structural geology. 
The identification of the seismic events is based upon the correlation of the well 
control with the seismic data, together with the evaluation of the seismic boundary 
conditions according to the principles of seismic stratigraphy. Therefore, the stratigraphic 
sequence is subdivided into seismically definable depositional packages, bounded by 
extensive laterally continuous surfaces. In the margin area, the environment of deposition 
changes laterally along the time lines (depositional surfaces), and consequently, seismic 
reflections change their character, and discontinuities have been observed in some areas. 
However, a correlation procedure between the reflectors, clearly follows major structural 
changes and identifies apparent features, such as dip trends and faults. 
Variations in lithology, and the development of faults, which introduce discontinuities 
in the reflectors, mostly control the continuity of the seismic events. Most of the observed 
faults are extensional normal of a NW-SE trend, and downthrown toward the southwest 
(basinward). The trend of these faults appears to be compatible with the regional 
geological setting of area. Most faults are truncated by the top Middle Eocene sequence 
reflector, although minor displacements are observed on some faults above this level. The 
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position and nature of the fault planes at depth is hardly recognised on the available 
seismic sections. 
The dip of the faults commonly ranges from 90° to 600,  with a maximum 
displacement of about 50 ms. Antithetic faults, associated with some of the major faults, 
are developed. Growth faults are the common structural style, which suggest that the 
faults were active during the deposition of the sediments. The fault patterns show that the 
main deformation trend in the area, NW-SE, is turning to WNW-ESE trend in some parts. 
The faults generally coincide with the major regional structural features in the eastern Sirte 
Basin defining the hinge-line atth .hasinmargn. Tilting of some fault blocks may 
encourage emergence of some fault foot-walls, and local erosional unconformities may 
have developed. 
The final rcsult of this seismic interpretation is TWT structural contour map 
constructed for each reflector. These maps, using appropriate velocities, are converted to 
depth and isopach maps (see Chapters 5 & 7). Conclusions based on these maps here must 
be considered provisional until the depth converted maps are interpreted. The structure 
contour maps of the deeper horizons show a considerably more complex contour pattern 
than the shallower horizons. All the mapped seismic sequences represent dipping surfaces 
toward the southwest (basinward). In general, gentle dipping sequences have been 
identified at the east and northeast. However, the contour pattern in the southwest, 
demonstrates a large dip gradient. Thermal relaxation process of the lithosphere, and the 
faults displacements over the hinge-line, are the main two factors responsible for the 
structural gradient basinward. Abruptly increasing dip is observed at the area of the basin 
margin. This is interpreted as a result of the development of a hinge-line between the 
Cyrenaica Platform to the northeast and the Sirte Basin to the southwest. Also, the 
decreasing dip gradient in shallower horizons indicates a reduction in the basin thermal 
subsidence with time. 
The shape of the eastern margin of Sirte Basin, extending NW-SE, suggests a 
structural influence. The structures have played a very important role in terms of 
controlling where deposition takes place. The earlier platform is faulted to form horsts and 
grabens and has undergone rapid submergence, with carbonate upbuilding being localised 
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on the highs, while the grabens becomes sites of deep water sedimentation. Thus, this may 
give the possibility of development of carbonate bank or reef complexes above the hinge-
line (Fig. 3.18). 
The most important result of this interpretation, from an exploration point of view, is 
that there is no indication of any sizeable structural closure that would act as a 
hydrocarbon accumulation trap, within the mappable sedimentary succession. However, 
the hydrocarbon accumulation in the area may be controlled by stratigraphic rather than 
structural conditions. These interpretations provide a base for further detailed seismic 
stratigraphic investigation, in pursuit of new leads and prospects. Therefore, the sequence 
seismic stratigraphic interpretation is carried out in Chapters 6 & 7. 
Fig. 3.18. Summary geological cross section across the hinge-line between the Cyrenaica 
Platform (Soluq Depression) and the Sirte Basin (Agdabia Trough), showing the possible 





Velocity analysis is one field of geophysics which has attracted attention since the 
introduction of seismic reflection methods. The velocity analysis has increased in 
importance with petroleum exploration, where it is considered a significant tool in digital 
data processing, and in seismic and lithologic interpretation. The term, velocity analysis, 
usually refers to the determination of a suitable velocity to enhance coherency of the 
reflected waves in seismic data processing, through stacking of multifold traces. However, 
the overall aim of the velocity analysis in this Chapter is to compute the true velocity 
distribution in the subsurface of the study area. Many technical papers have been 
published on the subject of velocity analysis. Among them are the following references, 
which focus on the concept of velocity and its application to the structural-strati graphic 
interpretation: Al-Chalabi (1974 & 1979), Lindseth (1982), Banik (1984), Peikert (1985) 
and Dobrin & Savit (1988). 
Generally, there are only two sources of subsurface velocity information: wells and 
seismic data. Borehole check shots and the calibrated sonic log provide reliable 
measurements of the vertical velocity-depth function local to the well bore, and also 
precise details of the velocity variation within any chosen interval. However, the spatial 
distribution of wells is usually insufficient to constrain the lateral variations of velocity 
that must be defined over a prospect. In contrast, the seismic reflection data generally 
provide coverage across both high and low areas. The seismic reflection data give reliable 
estimates of subsurface velocities if the velocity layering, and hence the geological 
structure, is exactly horizontal. In fact, these conditions are very restrictive, and are 
generally not valid 
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However, for this research, an accurate method of velocity-determination is desired 
that will improve the interpretation of the seismic reflection data. The velocity is also 
used for the conversion of seismic travel times to depths and for computation and 
mapping of interval velocities, which are important indicators of subsurface lithology. 
Since the investigated area is assumed to be located on a hinge-line, sediments have been 
deposited in different environments and thus a change in lithology in both vertical and 
horizontal directions is expected. In such a situation, an assumption of constant velocity 
would not be valid, since rapid changes in velocity from one point to another may occur. 
Therefore, determination of the true velocity functions in the area is an important task, 
requiring as much accuracy as possible. 
The velocity data available for this analysis consists of borehole velocity survey 
(check shot data) and digitised sonic log measurements from nine boreholes. The data set 
also includes more than 507 velocity analysis tabulations of seismic stacking velocity 
(RMS velocity), at about 1 km intervals along 54 seismic profiles. The first part of the 
analysis determines interval and average velocities from these data sources. A critical 
comparison of these different determined velocities has been done. The derived average 
and interval velocities are finally corrected using the mean average and interval velocity 
error, in order to compensate for a systematic biasing influence observed from the well 
ties. Some important differences, particularly in the calibration of derived velocities, are 
noted and analysed. 
4.2 Velocity terminology 
Although a particular rock horizon, or sequence, is said to have a particular velocity, 
the measured velocity may vary with the path by which the sound waves have travelled 
(e.g. azimuth and anisotropy), and the way in which the measurements have been made. 
Problems frequently arise in the discussion of seismic velocities due to ambiguous 
terminology. Various types of velocities exist, some of them derived from seismic 
reflection data only, and others derived from check shot and sonic log measurements. Al-
Chalabi (1974) gives a clear understanding of the relationships between the different 
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types of seismic velocities. The data set used in this study is based on three velocity data 
sources, and these different types of velocity are quoted for comparison and analysis. The 
objective of this section is to make a series of definitions, which will be fundamental to 
the understanding of subsequent discussions. 
4.2.1 Normal moveout velocity 
Determination of subsurface velocities is based on the change in seismic wave travel-
time along a reflected ray path. This relationship is considered the most important use of 
estimated velocity from seismic data. The most common method of velocity estimation 
from the earth surface is known as the X 2 - T2 method. This method is based on the 
relations of the right-angled-triangle, and involves plotting the square travel-time against 
the square of the trace offset (Fig. 4.1). The model on which the velocity is estimated 
using this method is usually expressed as a simple case, where the horizontal stratified 
media and uniform velocity down to the reflector are assumed. In this case, the best fit 
line through the plotted data of the square travel time, and the square of the trace offset, is 
straight. The velocity is represented by the reciprocal of the line slope. However, the 
X 2 - T 2  relationship is based on a hyperbolic relationship. The moveout velocity defines 
the hyperbola, which is the best fit to the observed moveout of the reflection. The normal 
moveout velocity is defining the hyperbolic trajectory which best approximates the 
moveout of a reflection in the immediate vicinity of the emerging normal incidence ray. 
The relationship between X 2 —T2 is described in more detail in Fig. 4.1. 
4.2.2 Root mean square (RMS) velocity 
The root mean square (RMS) velocity arises from mathematical weighting of vertical 
velocity information to approximate the minimum travel-time path through a layered 
medium. For a layered medium, the first observed seismic arrival follows the shortest 
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Fig. 4.1 Right-angled-triangle relationship, and mathematical expression for derived velocity 
using T-X method. 
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small offsets, this path is straight within the layer and is reflected at the boundaries 
between the layers. The RMS velocity is usually derived from the stacking velocity. As 
the measurement of the RMS velocity is affected by reflector dip, on dip lines, the RMS 
velocity is determined by multiplying the stacking velocity by the cosine of the dip of the 
reflector (Dobrin & Savit, 1988). However, in the case of uniform velocity layers 
separated by horizontal (or nearly horizontal) reflecting interfaces, the RMS velocity can 
be calculated using the following relation: 
1/2 
[Vi2ti  + V +I 2 j+I + 	2 +2 j2 	 1 
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where V is the interval velocity in layers ito n. and t is the one-way interval travel times 
within the same layers. 
Dix (1955) shows that the RMS velocity is equal to normal moveout velocity in the 
case of horizontal reflectors. In practice, this means the RMS velocity is equal to the best-
fit stacking velocity. The RMS velocity is usually used to estimate interval velocity, by the 
use of Dix's equation, and the interval velocities are used in turn to calculate average 
velocities. In a layered media, the RMS velocity is greater than the average velocity, and 
the difference between these two velocities reflects the velocity heterogeneity in the 
ground (Al-Chalabi, 1979). 
4.2.3 Stacking velocity 
The stacking velocity is the velocity used to define a hyperbolic trajectory and apply 
'moveout corrections' in order to stack a CDP (Common Depth Point) gather. Once the 
effect of NMO has been removed during processing, the seismic data that was reflected 
from the same reflection point (CDP) produces a single output trace. The NIMO 
correction is made with a range of trial and error velocities to produce the best possible 
stack. Generally, the stacking velocity varies with time, in response to the variation of 
seismic wave velocity with depth. Sometimes the stacking velocity is known as "apparent 
velocity", because it is usually faster than the true velocity, which can be measured with 
borehole data. Such velocity analyses are usually made every 50 to 100 shotpoints along 
a seismic profile depending on the amount of lateral velocity variations in complicated 
areas. In the data sets used in this study, the velocity analysis is made every 30 to 50 
shotpoints. 
However, choosing the correct stacking velocity is limited by the interpreter's ability 
to recognise visibly strong reflectors, so it is dependent on the skill of the interpreter. For 
low signal/noise ratio seismic data, in which the travel time picking is not easy, selecting 
stacking velocities is difficult. However, as the stacking velocity is derived from the 
measured travel time on the surface, its availability makes it the main source of velocity 
information for the subsurface. 
4.2.4 Interval velocity 
The interval velocity in any rock layer can be defined as the thickness of the layer 
divided by the difference in travel time through this layer. The term is generally referred 
to an 'interval' between two seismic reflection horizons. This interval velocity is the 
most important velocity for lithology prediction and facies analysis (see Chapter 5). 
Dix (1955) derived an equation to compute the interval velocity between two 
reflectors, with the assumption of parallel or sub-parallel stratified media using RMS 
velocity, which can be written as follows 
1/2 
Vint 
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where V1 is the interval velocity, V,,,,S(L)  and V,._(u)  are the RMS velocities at the lower 
and the upper boundary of the layer, and 	and 	are the travel times at those 
boundaries, respectively. The interval velocities derived from the RMS velocities in the 
Dix equation, represent the RMS of the velocities in the interval. However, the reliability 
of the estimated interval velocity is dependent, to a large degree, on the accuracy and 
precision of the derived velocity information used for the estimation. 
Although the velocity in a rock layer may change from one point to another, the 
assumption is that the layer between two reflectors is an iso-velocity layer. The interval 
velocity in fact is the average velocity within this layer. In real data, only a limited 
number of seismic reflectors can generally be recognised confidently, and the velocity 
distributions within each interval are always heterogeneous. However, the interval 
velocity measured between two reflectors must, by definition, represent a more or less 
uniform, or smoothly varying, lithology, since sharp changes would cause more reflectors. 
4.2.5 Average velocity 
The average velocity is the distance travelled divided by time. In common usage, the 
average velocity refers to an implied vertical raypath in a horizontally layered ground 
model. This parameter can generally only be determined with confidence at wells where 
a check shot log, or calibrated velocity log, is available. The average velocity to the nth 
interface of depth Zn, and two-way time h, is simply: 
Vav = 24/ta 	 (4-3) 
In horizontal stratified media, if Z 1 is the thickness of the itli  layer, equation (4-3) can be 
rewritten as follows: 
Vav = 2 sum Z1,1 , / sum t 1 	 (4-4) 
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or 
Vap = sum V,, 1 t I sum t 	 (4-5) 
where Vint is the interval velocity in each of the layers above the reflector, t 0 is the two- 
way travel time in each of the layers along the normal incidence ray path, and Z 11 is each 
of the depth interval thickness. The accuracy of the average velocity depends on the data 
source from which it is derived. However, in the average velocity calculations, it is 
assumed the velocity above the reflector represents a constant velocity layer. As each 
layer in the subsurface has different velocity and thickness, the average velocity to any 
reflector represents a weighted-average of the vertical velocities of the layers between the 
surface and the reflector. The most important use of average velocities is in time to depth 
conversion for a single layer, where the assumption of horizontal velocity layering, and 
vertical raypaths, is usually implicit. 
4.2.6 Instantaneous velocity 
Instantaneous velocity is the interval velocity across a very small depth interval, 
usually one or two feet. Sonic transit time, the reciprocal of local velocity, is typically 
measured every six inches down the well in a sonic logging run, and the length of the 
logging tool generally allows a vertical resolution of around two feet. As is clear in any 
sonic log curve, the velocity changes between each depth point, even over very small 
intervals. This type of interval velocity can be estimated using equation 4-2, and applied 
to the interval transit time in sonic log measurements, instead of RMS velocity. 
4.2.7 The weathered or low velocity layer 
The weathered, or low velocity layer, is the layer at the surface characterised by 
relatively low seismic velocity. The low velocity can greatly affect travel time 
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measurement because of the abrupt change in velocity between this low velocity layer and 
the much higher velocity function in the rocks. Another important effect of this layer is 
the high absorption rate of seismic energy, because of the presence of unconsolidated 
materials and cavities. For sonic log measurements, this layer is usually covered by steel 
casing, so in this study the uppermost part in the analysed logs is not recorded to avoid 
velocity measurement errors. 
4.3 Methods of velocity determination 
As understanding of subsurface velocities is very important in geophysical 
exploration, many tools and techniques are commonly used for velocity determination. 
The degree of accuracy of the calculated velocity depends on which data type is used, and 
by which method the velocity derived. However, velocity estimation iii a structurally and 
stratigraphically complex area, such as the study area, requires a great level of 
consideration. Observation of lithologic well logs in the study area, indicates that the 
subsurface geology, and hence velocity distribution, of most sedimentary sections is likely 
to be complex. Rapid variations of physical properties with depth characterise the 
sedimentary succession. In addition to heterogeneity within layers of similar material, the 
interfaces separating the layers are frequently discontinuous due to faulting and 
unconformity. 
To obtain the best subsurface velocity database in the area, the velocity derivations in 
this study are based on three main sources: 
the conventional seismic reflection surveys, 
the sonic log measurements, 
the check shots (well velocity surveys). 
From these three sources, the interval and average velocities were derived. A 
velocity function for each depositional sequence is determined, which is then used for 
time to depth conversion, and lithology and facies analysis. The database for this analysis 
comprised 507 velocity analysis tabulations from 54 seismic reflection profiles, 
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continuous velocity logs, and well velocity surveys from nine wells. The seismic lines 
form an approximate 2 km square grid over a rectangular area of around 60 x 60 km. The 
locations of the wells and the seismic lines used in this project are shown in Fig. 3.1. 
4.3.1 Seismic reflection method 
The velocities derived from seismic stacking velocity are of great importance to 
seismic exploration, since they provide subsurface velocity information from the earth 
surface. The stacking velocities are picked from velocity analysis using the criterion of 
maximising the signal to noise ratio of primary reflections for the final CDP stacked 
section. The velocity estimation starts with the CDP velocity gathered from a number of 
points along the seismic section. These velocities are calculated for different locations, 
and are usually defined by the shotpoint position along the section, and the two-way travel 
time of prominent reflectors. However, the velocities may have been derived 
independently at each shotpoint location, and the location of the picks may be irregular; 
both are often determined by the positions of strong reflection, which may vary laterally. 
The seismic velocity reflection data used in this study has been obtained from a large 
number of closely spaced velocity analysis tabulations of dip and strike seismic lines. 
There are three data columns for each seismic tabulation: the two-way travel times at 
which the stacking velocity is picked, the stacking velocity, and the interval velocity which 
is estimated using the Dix equation. The average velocity is derived form the interval 
velocity using Equation 4-1. 
4.3.2 Well velocity surveying 
The well velocity survey is a technique used for direct velocity measurements. The 
technique consists of an energy source near the wellhead, and suspended geophone in the 
well (Fig. 4.2a). The time required for the signal to travel from the source to the 















Fig. 4.2. Schematic diagrams of a) well velocity survey (check-shot) and b) sonic logging 
tool techniques. 
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markers (such as unconformity surfaces and rock formation boundaries). Usually, the 
measurements are over intervals of a thickness no more than 500 or 1000 feet. 
The average velocities from the surface to any depth can be calculated using a 
vertical travel time. The vertical travel time to a given depth can be obtained by 
correcting the slant distance using the simple relation of a right-angled-triangle (Fig. 
4.2a). The interval velocity was derived by taking the distance between successive 
geophone positions in the well, and after the correction of the arrival times, dividing it by 
the difference in arrival times at the two depths. However, since the travel time is a one-
way measurement through successive horizons in the well, shooting the well gives 
average velocity with good accuracy. Estimates of interval and average velocities from 
wells are of great importance, since they provide the only true check on the validity of the 
same velocities derived from the seismic reflection data. This makes the well velocity 
surveys particularly important in geophysical exploration. 
In this study, the velocity survey data is available from nine boreholes in the 
investigated area. In seven wells, explosive charges were used as the seismic source, and 
air guns were used in the other two wells. The datum used for six of the wells is '-20' 
metres mean sea level. Accordingly, a correction to mean sea level, which is the 
reference datum in this research, has been done. In wells A1-NC129, B1-NC129 and Cl-
41, mean sea level was already considered the datum. Vertical wells and horizontal 
layering were assumed, and interval velocities are computed as twice the interval 
thickness divided by the two-way interval travel time. Most of the wells are located in the 
platform area, except well 11-41 which is considered to be located on the hinge zone 
between the platform and the basin. Fig. 4.3 shows an example of the well velocity 
survey plots for some boreholes in the area. It illustrates the vertical travel time, average 
velocity and interval velocity plots for wells 111-41, N1-41, M1-41 and 11-41. The 
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4.3.3 Continuous velocity logging (sonic log) 
The interval transit time, derived from the sonic logging of the wells, is an important 
source of subsurface velocity information. The sonic device consists of two sources of 
sonic pulses, and two or four receivers, which pick and record the reflected wave. Each 
source has its own pair of receivers, so that the measured transit time difference between 
the pair of receivers refers approximately to the same sample of rock for both sources. 
The measurements from the two sources are averaged and output on the sonic log. In 
sonic logging, the transit time, or "slowness", measures the time required for a sound 
wave to traverse a given distance within the formation between the transmitters and 
receivers. The sonic transit time is typically measured every six inches down the well. 
The length of the logging tool generally allows a vertical resolution of around one-foot. 
Fig. 4.2b is a schematic diagram of a sonic logging tool. The interval transit time, in 
microseconds/foot, of the acoustic pulse through the formation near the borehole, is 
recorded as the sonic logging tool is pulled up. The mean interval transit time is the 
reciprocal of the interval velocity over this small interval (effectively instantaneous 
velocity on a seismic profiling scale). 
Calibration of the sonic log by a check-shot survey is necessary to calculate 
integrated travel times and gross interval velocities, over large depth intervals, in order to 
avoid cycle skips and other problems inherent in sonic logging. The calibrated sonic log 
provides a reliable measurement of the vertical velocity-depth function local to the well 
bore, and gives precise detail of the velocity variation within any chosen interval. 
However, the sonic log is the most detailed velocity source and has many applications 
such as: 
interpretation of seismic data by integrated two-way travel time to each mapped 
rock sequence, 
geological and lithological identification of rock formation, 
porosity determination, 
determination of overburden pressures. 
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Chapter 8 in this thesis discusses, in detail, the use of the sonic log in porosity and 
overburden pressure evaluations. 
In this study, the first step is digitising the sonic log curves from nine wells to extract 
the depth (D) and the integrated transit time (ITT). The depth-sampling interval in the 
investigated wells is 1 ft or 0.5 ft. Near the surface, the upper part of the sonic log 
measurement is rejected from the calculations, because of the contamination from poorly 
bonded cased holes. The depth of the rejected part depends on how deep the casing in 
each well, but generally in the upper 500 meters. The continuous instantaneous velocity 
is equal to the reciprocal of integrated transit time (ITT). From this velocity we can 
derive the average velocity to any depth in the borehole. Because of the data volume, a 
FORTRAN program has been used to calculate the interval and average velocities in each 
well. The program is designed to calculate two-way travel time (TWT) from the 
integrated transit time (ITT), and then calculate the average velocity to each Z depth. The 
input data to this program includes the depths (D) and the rn' values. The output includes 
the depths (D), the two-way travel time (TWT), the interval velocity (Vint) and the 
average velocity (Va). The processing steps of this program are illustrated in Appendix 
1(a). 
4.4 Comparison of velocities from three data sources 
The comparison of the velocities derived from the seismic reflection data and those 
derived from sonic logging and well velocity surveys in the boreholes is carried out in this 
section. Many authors have noted the differences between travel times (and associated 
velocities) derived from the sonic log and well velocity surveys, either using the check-
shot technique or the vertical seismic profile (VSP) (e.g. O'Brien & Lucas, 1971; Stewart 
et al., 1984; De et al., 1994). In order to compare the velocity data, the accuracy of travel 
times and associated velocities from the three data sources are discussed in the following 
sections. 
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4.4.1 Sonic log and check-shot velocities 
The sonic logs provide comprehensive velocity information of the subsurface, 
measuring the transit time over very small intervals of the geological column. It is 
common, however, to have errors in travel times (and thus errors in the derived velocities) 
because of the instrument problems and borehole conditions. The formation alternation 
around the borehole and large cavities caused by washouts are considered the main factors 
causing these errors. Also, as the upper part of borehole is exposed to drilling erosion for 
the longest period of time (through the drilling operation), it is usual for large washouts in 
those formations to occur. Therefore, this aspect is not logged. 
Furthermore, the velocity of refracted compressional waves in sonic logging mostly 
depends on the primary porosity of the rock. The determination of sonic velocity in 
carbonates commonly shows less accuracy due to the development of vuggy porosity, 
caused by irregular dissolution of grains and rocks in limestones and dolomites (for more 
details see Chapter 8). In addition, the sonic log usually does not cover the entire hole 
depth. The steel casing in the shallow parts, and variations in borehole diameter, generate 
variations in sonic log measurements. To reduce the errors, the sonic log data for the 
upper parts of logged holes is rejected. 
The well velocity survey is characterised by the measurement of the direct travel time 
of seismic signal from source to receiver through the ground. This character enables the 
tool to measure travel time with good accuracy. The well velocity survey, therefore, is 
considered the most reliable source of vertical velocities measured within the borehole. 
This reliability and accuracy makes the well velocity survey particularly important to 
geophysical exploration and, accordingly, well velocity surveys are often used to calibrate 
sonic logs. The determination of velocities using well survey methods is important 
because they validate velocities derived from other sources. In this study, the well 
velocity survey was used to improve the accuracy of the initial velocity functions. 
However, the check-shots are perhaps more likely to have calculated vertical travel-times 
which are shorter than true vertical times, at shallow depths. This can be explained, at 
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least partially, by significant anisotropy of surficial sediments and the commonly used 
straight-raypath over correction (Stewart et al., 1984). 
From the above, every tool has some degree of reliability for travel time 
measurements and, of course, their associated derived velocities. The main reasons for 
the observed differences between the sonic log and the well velocity survey, is that the 
sonic logging tool uses an ultra-sonic source of high frequency of 15-20 khz, propagating 
very short distances (several feet) along a path adjacent to the borehole. In contrast, the 
well velocity survey uses a seismic source of low frequency of 50-100 hz, which may be 
offset several hundred feet from the wellhead. O'Brien & Lucas (1971), Stewart et al. 
(1984) and De et al. (1994), conclude that frequency dependent dispersion is the main 
contributing factor to observed discrepancies between the sonic logs and well velocity 
surveys. The dispersion is defined as 'normal' when the higher frequency waves travel at 
higher velocities. Stewart et al. (1984) indicate that the check-shot times are very often at 
least 2.0 ms / 1000 ft longer than the integrated sonic times. Therefore, the signal of the 
sonic log travelled faster than the low frequency signal generated from the seismic source. 
In addition, the propagation path of the well velocity survey samples the ground 
many tens of feet from the borehole, whereas, the sonic log samples the material close to 
the borehole wall only. The sonic logging signal travels in the altered zone caused by 
circulating fluids during the drilling operation. The altered zone usually has a velocity not 
representative of the true velocity in a clean formation, causing higher velocity 
measurements. 
4.4.2 Seismic reflection velocity 
The amount of the velocity data obtained from the surface seismic survey is relatively 
large compared with other in situ velocity measurements. It has a lower cost than well 
velocity surveys and sonic logging, and provides data coverage over large areas. 
However, it has been shown that the seismic velocities derived by normal moveout 
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velocity methods do not always measure the same physical parameters as well survey 
velocities (e.g. Al-Chalabi, 1979; Levin, 1978; Lindseth, 1982). 
The estimation of velocity in the subsurface from seismic reflection data depends 
primarily on the accuracy of the velocity determination used in stacking the data. The 
skill of the interpreter in picking a suitable stacking velocity for the seismic data in 
velocity analysis, has a direct effect on the accuracy of estimation of these velocities. 
Also, reflection seismic methods require an approximate laterally uniform subsurface 
over distances of the order of the cable length. In laterally varying sequences, there are 
some differences between stacking velocities and RMS velocities, and this can result in 
substantial errors (Al-Chalabi, 1974; Lynn & Claerbout, 1982). In fact, the velocity 
derived from stacking velocity data is not usually very precise, and the measurements of 
the NIMO velocities are not sufficient to estimate the velocity structure of a transversely 
isotropic medium (Byun a al., 1989). However, the seismic reflection velocity analysis is 
subject to a number of influencing factors, which can be divided into those due to data 
acquisition/processing and those due to the subsurface. In general the subsurface has the 
greater effect on seismic velocities obtained from velocity analysis. 
The seismic reflection method and the well velocity survey generally represent two 
different directions of velocity measurements. The velocity derived from the seismic 
reflection method is considered horizontal, or nearly horizontal. In the well velocity 
survey, the velocity measurements are considered to be in a vertical direction. Peikert 
(1985) represents that the well velocity surveys measure the velocity in a vertical 
direction, and seismic reflection velocities, depending on depth and spread length, 
measure a velocity that is intermediate between the vertical and horizontal velocity 
components for an anistropic media. 
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4.5 Results of two-way times and velocities comparisons 
4.5.1 Two-way travel times comparison 
In this section the two-way travel times from the three data sets are used for 
comparison. The travel time is direct data that can be measured from the velocity 
determination tools. The time data, from seismic reflection profiles and well velocity 
surveys, are obtained directly, but from sonic logs are calculated from integrating the 
interval transit time (slowness). The comparison curves of the two-way times, calculated 
from each source versus depth, are displayed in Fig. 4.4. The depth values in the seismic 
reflection data are estimated using average velocity, which is calculated from the stacking 
velocity at each well. Constant stacking velocity was assumed in the deeper parts of all 
seismic profiles. 
The time/depth plots in Fig. 4.4 show a systematic difference between the two-way 
travel times obtained from seismic reflection data and those obtained from the sonic logs 
and well velocity surveys. In all wells, the two-way travel times measured from the 
seismic reflected data are slightly but systematically shorter than those measured from the 
other two sources. Most wells display good agreement of the measured two-way travel 
times from the well velocity surveys and sonic logs. In wells 11-41 and M1-41, the times 
obtained from well velocity survey measurements are slightly larger than the sonic log. 
However, 0' Brien and Lucas (1971) studied a total of 66 wells from Libya, Alaska, 
Abu Dhabi and North Sea and found the difference between the check-shot time and the 
sonic time to be positive. Also Stewart et al. (1984), suggested by field evidence that the 
well survey times were consistently longer than the integrated sonic times. In this 
comparison, the diversion between the three curves is noticed at depths of about 2000 
meters, and clearly increases with depth. Well 11-41 plot, in Fig. 4.4, shows the seismic 
reflection times measurement is longer than the sonic log measurement until about 2500 
meters. With increasing depth, the seismic reflection time is shorter with a sharp drift. 
However, the resolution of the seismic reflection data decreases as depth increases, 
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4.5.2 Average velocities comparison 
Average velocity data derived from the three data sets are used in this comparison. 
For the purpose of velocity comparison, plots of the average velocity against depth in 
some boreholes are shown in Fig. 4.5. The resulting comparison indicates average 
velocities increasing with depth. The well survey velocities are systematically lower than 
the sonic log velocities at most depths. The difference between the sonic log average 
velocities and well survey velocities range between +16 and -7 percent, with an average 
of +2.3 percent. This positive drift is consistent with normal dispersion in which the 
higher frequency waves travel at higher velocities (see Section 4.4). However, De et al. 
(1994) concluded that the velocity differences between well velocity surveys and sonic 
surveys range from +16 to -5 percent, with an average of +6.9 percent. 
The seismic reflection velocity in this analysis is found higher than the velocity 
derived from the well velocity surveys and sonic logging in most of the wells (Fig. 4.5). 
In wells 11-41 and M1-41 the seismic velocities are slightly less than the sonic log 
velocities. This diversion is observed at depths between approximatly 500m to 2000m. 
The lithology in these intervals is not much different from those in the other wells. 
However, a high percentage of dolomitic limestone intervals have been noticed in these 
wells. Secondary porosity in these intervals may constitute a significant part of the total 
porosity in the rock. In the sonic logging tool, the receivers pick and record the first 
arrival refracted waves traverse to the shorter travel-time path through the formation. The 
velocity of these waves greatly depends on the primary porosity of the rock (for more 
details see Chapter 8). Therefore, the sonic log will result in higher velocities than the 
real formation velocity, by ignoring secondary porosity effects. However, it is difficult to 
draw a robust conclusion based only on two wells. 
4.6 Anisotropy and dip of the sequences 
Most sedimentary rock formations contain heterogeneities in both vertical and 
horizontal directions. These heterogeneities include variations in lithology, porosity, pore 
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pressure conditions, etc. In the context of seismic velocity, a medium is said to be 
anisotropic if its seismic velocity varies with the direction of wave propagation. As 
mentioned previously, anisotropy may be the main cause of the difference between the 
seismic reflection velocity and the well velocity, because the seismic reflection velocity is 
a measurement of horizontal velocity and the other methods measure vertical velocities. 
Generally, horizontal variations in rock formations are much less rapid , than 
variations in the vertical direction, where there are bed to bed lithological changes and 
increasing mechanical compaction with increasing depth. Horizontal transverse isotropy 
is when velocity in the horizontal plane is independent of azimuth, but different to that in 
the vertical direction. The anisotropic case of horizontal transverse isotropy has received 
some attention. This is because a seismic interval composed of alternating thin isotropic 
layers of different velocities acts as a transversely isotropic medium for wave propagation 
with wavelength, which are much greater than the individuai iayer thickness. It has long 
been observed that the velocity along bedding plane is higher than the velocity normal to 
it (Al-Chalabi, 1979; Banik, 1984). This velocity variation may be attributed to 
orientation of the grain axis provided by anisotropic forces during deposition, and 
anisotropic overburden pressure during compaction (Banik, 1984). A measure of 
anisotropy is often taken to be the ratio of the velocity, Vh, of the wave travelling 
horizontally through a medium to the velocity, V..,, of the wave travelling vertically. 
Seismic anisotropy can provide valuable information to structure and lithology, and 
is considered a strong indicator of the degree of stratification and orientation of rock 
grains (Byun et al., 1989). A higher anisotropy value is expected in shale rock due to a 
partial alignment of anisotropic clay particles. In this study, the shale rock type forms a 
significant percentage in the analysed rock column and, therefore, the anisotropy is 
expected to increase toward the area of shale. In addition, the study area is structurally 
affected by the hinge-line between the Sirte Basin and the Cyrenaica Platform. This could 
affect the fracture system of the rock formations in the area. Therefore the fractures in the 
rock formation will increase the anisotropy. 
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In the study area, the rock sequences represent very gentle dipping strata in the 
platform area, while the dip increases toward the basin beyond the hinge-line. The hinge-
line, which defines the boundary between the basin and the platform and the associated 
fault system, clearly results in a higher dip towards the southwest direction. However, in 
the case of high dips, the common-depth-point information will not represent a true 
common-depth-point but will smear over some distance. 
The variation of moveout velocity with dip and strike for a single reflector and a layer 
of uniform velocity have been studied by Levin (1971). Levin shows that for a single, 
dipping layer, the velocity needed to stack common mid-point data increases by azimuth 
from the strike direction toward the dip direction. The moveout velocity, Vmo, of a 
reflection from a dipping reflector is: 
Vmo = Vt cosu 
where a is the apparent dip of the reflector. Moveout velocity assumes its minimum 
value on a strike line and its maximum value on a dip line. Therefore, normal moveout 
velocities obtained from dipping data are always greater than the true velocity. The effect 
of reflector dip is small, however, for dip angles of less than ten degrees. 
In order to know how reflector dip affects velocity distribution in the study area, 
velocity analyses on both dip and strike directions have been done. The results, generally, 
do not indicate a consistent relationship between the velocity distribution in both 
directions. The magnitude of seismic reflection velocity misties for different intervals 
tends to increase progressively downwards from the upper intervals to the lower intervals. 
The effect is largely due to the decreasing seismic resolution with depth. 
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4.7 Seismic velocity plots and preliminary interpretation 
The physical properties of earth materials, and the laws of sound propagation in those 
media, essentially control the velocity variations in rocks. Seismic velocity generally 
increases with depth in response to regional pressure gradients. This trend is complicated 
by local variations of porosity and jointing, pressure, cementation, interstitial fluids and 
lithology (Chapter 8). However, the true velocity distribution can never be fully recovered 
by the surface seismic reflection method, due to practical limitations on the resolution of 
velocity information. 
The average and interval seismic reflection velocities versus two-way time, in the 
form of seismic section display, have been plotted for preliminary interpretation of the 
velocity distribution in the study area. The seismic reflection velocities are calculated for - 
54 seismic profiles. The average velocities and the interval velocities were calculated 
using Dix's equation, represented in a series of iso-velocity plots. Z-MAP of the ZYCOR 
modelling and mapping system software was used for interpolation and plotting of the 
velocity values for the seismic profiles. 
Figs. 4.6 & 4.7 are plots of iso-(average seismic reflection velocity) as a function of 
two-way travel time for selected dip and strike seismic profiles located in the southern 
part of the area. These plots include NC129-87-8 and NC129-87-12 as dip profiles, and 
NC129-87-15 and NC129-87-21 as strike profiles. In these plots, increasing average 
velocity with depth has been observed. The loss of porosity and compaction are primarily 
responsible for the increase of instantaneous velocity and therefore average velocity with 
depth. Generally, the average velocity plots are smooth and represent a reasonable 
correlation with a geological expectation of the subsurface structure. The shallow depths 
show uniform average velocity distribution. At greater depths, the plots show denser 
contour lines indicating abrupt changes in velocity. This increased rate of average 
velocity increase with depth is noticeable at depths of approximately 1.5 seconds TWT on 
the platform, but deepening basinwards. However, the velocity profile located in the 
platform area (NC129-87-15) shows a steady increase in the average velocity with depth 
even at shallow depths. The profile NC129-87-21, which is located towards the basin 
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Fig. 4.6 The iso-average seismic reflection velocity for lines NC 129-87-8 and 14C129-87-12 (dip lines in the southern part of the area). 
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Fig. 4.7 The iso-average seismic reflection velocity for lines NC129-87-1 and NC129-87-21 (strike lines in the southern part of the area). 
For lines location see Fig. 3.1. 
area, shows uniform average velocity for a broad range of shallow depth. This velocity 
variation between the two areas is interpreted as arising from changes in lithology 
between the platform and the basin. The low average velocity at the basinward end of the 
dip profiles may be correlated with increasing shale percentage towards the deep basin. 
Fig. 4.8 is a plot of iso-(average seismic velocity) for two selected seismic profiles in 
the northern part of the area (NC 129-89-47 and NC 129-89-65). In this plot, the velocity 
shows a different appearance from that of the southern part of the area. A rapid increase in 
vertical velocity is observed as we go to greater depths. As we go north (NC 129-89-47), 
more lateral variation in the average velocity has been observed. This velocity variation is 
attributed to an increase in the complexity of the geology, as we go north and northeast. 
Figs. 4.9 & 4.10 are iso-interval velocity plots of selected dip and strike profiles and 
their corresponding reflection time. Generally, these contour plots capture the imporianL 
large-scale velocity behaviour. Lateral variation in the velocity distribution has been 
observed along these profiles. These velocity anomalies reflect geological conditions 
related to structural elements and sediment distribution during Late Cretaceous and 
Tertiary. 
The upper parts of the sections show a uniform increase of interval velocity, 
consistent with the dip of the section, to a depth of approximately 1.5 sec TWT. Deeper, 
the interval velocity represents high lateral variations, especially towards the southwest 
direction. The difference in the interval velocity is seen in the plots of the strike profiles 
located on the platform and toward the basin. NC 129-87-15 is a strike section, closer to 
the platform, and shows more consistent lateral velocity variation. In the strike velocity 
section NC129-87-5, which is located closer to the basin, there is a relatively higher 
lateral variation of interval velocity (Fig. 4.10). The changes in horizontal velocity may 
correlate with the lateral lithological variation towards the basin. Also, the density of 
faulting toward the basin margin may affect on the velocity distribution in this area. 
This phenomenon of velocity variation is also seen if we compare the right hand side 
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Fig. 4.8 The iso-average seismic reflection velocity for lines NC129-89-47 and NC129-89-65 (in the northern part of the area). 
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Fig. 4.10 The iso-interval seismic reflection velocity for lines NC129-87-5 and NC129-87-15 (strike lines in the southern part of the area). 
For lines location see Fig. 3.1. 
(SW directions) of the same profiles (Fig. 4.9). Increasing lithology variation toward the 
area of a hinge-line is a possible explanation for this lateral interval velocity variation. 
The relatively highly faulted area, because of this hinge-line, may also contribute to these 
velocity differences. In addition, the development of these faults may affect the 
depositional environment, which in turn affects the lithology variations of the sediments in 
those areas. These faults alone, however, may have an affect on the seismic velocity in 
those areas. Fig. 4.11 shows iso-interval velocity plots of two profiles in the northern part 
of the area. High lateral variation in the interval velocity is observed in this area. Profile 
NC 129-89-47, which is located further north than profile NC 129-89-65, shows the greatest 
lateral velocity variation. This indicates more lithostratigraphic complexity as we go 
north. 
The contour values in the iso-interval seismic velocity plots indicate many zones of 
rapidly increasing interval velocities. These increases in velucity may be correlated with 
occurrences of deep water environment deposits or high velocity materials, such as dense 
carbonates. However, it is impossible to use seismic velocity as a tool for lithologic 
identification without calibration. Calibration of average and interval seismic reflection 
velocities is discussed in Section 4.9. Mapping and interpretation of these calibrated 
velocities is presented in Chapter 5. 
4.8 Seismic velocity estimation to/between sequence boundaries 
Stacking velocity values are picked during the velocity analysis process according to 
the location of strong reflections on the seismic section, which may be irregular, and not 
necessarily representative of the stratigraphic boundaries. Ideally we need to resolve the 
exact stacking velocity event at the top and base of each stratigraphic sequence. However, 
since the sequence boundaries are not always marked by clear seismic reflections, this 
may not be possible. 
For the estimation of velocity to an identified subsurface location of interest, it is 
necessary to interpolate stacking velocity values at the sequence boundary from velocity 
events above and below the horizon. In fact, this procedure may be considered as one of 
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Fig. 4.11 The iso-average seismic reflection velocity for lines NC 129- 89-47 and NC 129-89-65 (in the northern part of the area). 
For lines location see Fig. 3.1. 
the limitations of accuracy of seismic reflection derived velocities. In this analysis, the 
first step is identifying the reflections in terms of geological age, by interpretation of 
seismic sections (see Chapter 3). Eight geological horizons are picked in the study area, 
which are: 
top Middle Miocene sequence 
top Lower Miocene sequence 
top Upper Oligocene sequence 
top Lower Oligocene sequence 
top Middle Eocene sequence 
0 top Lower Eocene sequence 
top Palaeocene sequence 
top Upper Cretaceous sequence. 
The most important part of this project is the study of a large number of seismic lines 
with dense velocity sampling intervals. Along these lines, the two-way time to each of the 
eight horizons was measured. In general, the uppermost sequences represent good to very 
good reflectors, whereas the lower sequences represent weak reflectors. Complications 
arise at the lower horizons down the flanks of the platform, especially where the structures 
were complicated by faults. The interval from the Upper Cretaceous to Middle Eocene is 
the most structurally affected section with a very dense fault system (for more details see 
Chapter 3). In addition, the thicknesses of the shallower sequences are greater than the 
deeper sequences. These conditions and others may have an affect on the accuracy of the 
seismic reflection velocity estimation at the boundaries of each sequence. 
4.8.1 Calculations 
The analysis of seismic reflection velocity starts with estimation of the stacking 
velocity at each seismic sequence reflector. More than 507 velocity tabulations, along 54 
seismic profiles, are used in this calculation. To deal with the interpolation of this large 
amount of stacking velocity data, a FORTRAN program has been written. The input data 
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for each seismic profile includes three columns of data: two-way travel times where the 
velocities were picked, the stacking velocity picked at those times and the two-way travel 
times to the top of each sequence. The output files from the program include two data 
columns: the two-way times for the top of each sequence and the estimated stacking 
velocities for each line. The logic steps of this FORTRAN program are shown in 
Appendix 1(b). 
The next step in the analysis is to calculate the interval velocity within each 
sequence. The accuracy of the picking time of each sequence is an important 
consideration if the times are to be used in the calculation of interval velocities. The 
interval velocity within the picked horizons has been calculated using Dix's equation. 
The average velocity to the top of each sequence was calculated using Equation 4-5. 
Another FORTRAN program has been used to re-calculate the interval velocity within 
each sequence. Appendix 1(c) shows the logic steps of this program. The final results, 
presented in an output file, include the interval velocities for every seismic sequence. 
4.9 Velocity calibration 
The well velocity survey is the most reliable source of vertical velocities measured 
within the borehole (Section 4.4). Determination of velocities from well survey methods 
is important, since they give the only true check on the precision of the same velocities 
derived from other sources. However, any mature exploration area shows that wells tend 
to be concentrated in clusters around hydrocarbon discoveries. Also, because 
hydrocarbons migrate updip, and accumulate towards the climax of the prospect, the 
locations of the wells tend to be concentrated towards the structural highs. Since few 
wells were drilled in structural lows, this represents a significant influence in the sampling 
of seismic velocities. Also, the structural highs are commonly characterised by apparent 
thin or missing geological sections. This, commonly combined with large lithological 
variation from structural highs to lows, contributes to make the estimation of velocities 
away from well control a rather uncertain operation. 
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The final step in this velocity analysis is to compute an accurate velocity function for 
the entire study area. The well velocity survey is used to calibrate the initial seismic 
reflection velocity. It is often very useful to calibrate the velocity field, estimated from 
exploration seismic data, with the other well velocity sources. However, this method 
depends on the degree of velocity variation, the amount of well control, and the quality 
and density of velocity information from seismic data. The seismic reflection velocities 
have been calibrated using velocities derived from the well data to remove unrealistic 
variations. The idea of calibration is based on calculated velocity values from a number 
of widely separated wells, which are averaged and then used to correct the seismic 
reflection velocities. This correction should yield a more accurate velocity distribution 
over the area between the wells. 
4.9.1 Average velocity calibration 
In order that the average velocity is used for time to depth conversion, it should be 
calibrated by removing unrealistic variations from the seismic reflection derived velocity. 
Appendix 1(d) represents the average velocity data, to the top of each seismic sequence, 
at the investigated wells. These data include the average velocity values derived from the 
three sources, and the difference between the seismic velocity and the well velocities, in 
percentages. 
In the context of this project, the "Average Velocity Calibration Function" is defined 
as the difference between the seismic reflection average velocity and the well average 
velocity as a percentage of the seismic reflection average velocity. The average velocity 
calibration function for eight seismic sequences is presented in Table 4.1. These 
functions are used later to calibrate the reflection seismic average velocities over the 
entire study area (Chapter 5). 
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Table 4.1 shows the average velocity calibration function for the mapped depositional 
sequences. 
SEQUENCES Average Velocity 
Calibration Function (%) 
Lower Miocene sq. 6.81 
Upper Oligocene sq. 9.98 
Lower Oligocene sq. 7.09 
Upper Eocene sq. 8.93 
Middle Eocene sq. 10.43 
Lower Eocene sq. 10.69 
Palaeocene sq. 11.43 
Upper Cretaceous sq. 11.24 
Table 4.1 shows the average velocity calibration functions present with positive 
percentages. The positive drift indicates that the velocities derived from seismic 
reflection data are higher than those obtained from well information. The difference 
between the seismic velocity and the well velocity ranges between about 7 % to 11.5%. 
This positive drift between the two velocities is attributed to the fact that the velocity 
derived from the seismic profiles gives 'horizontal' velocity rather than 'vertical' 
velocity. Relatively, the horizontal variations within the rock formations are much less 
rapid than the variation across its boundary. Al-Chalabi (1979) suggested that the ratio of 
the velocity along bedding to that normal to bedding ranges from 1.0 to 1.4 (i.e. 0 to 
40%). However, Banik (1984) found that the difference between horizontal and vertical 
velocity ranges between zero to over 30% in the depth range 1500-4000m. The resultant 
average velocity values, after calibration, have been used for mapping and for the time to 
depth conversion process in Chapter 5. 
4.9.2 Interval velocity calibration 
The same procedure has been carried out to determine the interval velocity 
calibration function for the entire area. Appendix 1(e) contains a table illustrating the 
calculation method of the seismic reflection interval velocity calibration function. This 
function has been calculated using data from the same wells used in determining the 
average velocity calibration function. The differences are in percentage between seismic 
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reflection (SR) and both well survey (WS) and sonic logging (SL) interval velocities. 
Table 4.2 presents the mean interval velocity calibration function for the depositional 
sequences in the area. 
Table 4.2 shows the general interval velocity function at the eight horizons in the area of 
study. 
SEQUENCES Interval Velocity 
Calibration Function (%) 
Middle Miocene sq. 6.22 
Lower Miocene sq. 5.94 
Upper Oligocene sq. -4.16 
Lower Oligocene sq. 5.10 
Upper Eocene sq. 6.13 
Middle Eocene sq. 4.64 
Lower Eocene sq. 0.68 
Palaeocene sq. 8.09 
From Table 4.2, it is observed that the interval velocity function displays different 
values, ranging from about -4.16% in the Upper Oligocene to 8.09% in the Palaeocene 
sequence. These values have been used to calibrate the interval velocity derived from the 
seismic reflection data, used for lithologic and stratigraphic interpretation in Chapter 5. 
4.10 Summary 
Analyses of the true velocity variation are very useful for local stratigraphic 
interpretation and lithologic evaluation, and for conversion of two way time to depth to the 
top of each sequence in the subsurface of the study area. In order to satisfy these 
objectives, the velocity analysis done in this chapter was based on velocities extracted 
from three data sources. These data sources include well velocity surveys and sonic logs 
from nine boreholes, and seismic reflection velocity measurements from 54 seismic 
profiles. Contour plotting of the seismic reflection average velocities shows a general 
increasing velocity with depth, as expected with normal compaction. Generally, the 
average velocity plots are smooth and represent a reasonable correlation with the 
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geological expectation of the subsurface structure. The interval velocity contour plots 
show uniform velocities in the upper part of the seismic sections, and show some 
significant lateral velocity variation at the bottom of those sections. In general, the interval 
velocities derived from seismic reflection data exhibit a considerable degree of scatter. 
This tends to increase as the interval thickness reduces, and the depth of the interval 
increases (in accordance with a corresponding increase of seismic reflection velocity 
fluctuation). 
The true velocity distribution can never be fully recovered by the surface seismic 
reflection method due to practical limitations on the resolution of velocity information. 
The seismic reflection data give reliable estimates of subsurface velocities if the velocity 
layering, and hence the geological structure, is exactly horizontal. Since these conditions 
are very restricted, and are generally not valid, the seismic reflection velocities are not 
generally suitable for the estimation of true subsurface velocities. Therefore, the seismic 
reflection derived velocities should not be used directly to infer true subsurface velocities 
for time to depth conversion if accuracy is important. 
Comparison between the three different velocity data sources indicates that the 
seismic reflection velocities are generally higher than those velocities derived from the 
well velocity surveys and sonic logs. The main reasons for the increase in the seismic 
derived velocity is because of the different wave propagation paths and the influence of 
errors in the determination of the stacking velocities from the seismic reflection data. The 
velocities from well surveys were less than the sonic log velocities. This difference is 
consistent with normal dispersion phenomena and may result from the different rock 
volumes measured by these tools. 
The main purpose of this analysis was to investigate the difference between the 
seismic derived velocities and the check-shot and sonic log velocities, and to examine 
what effect the difference might have on the determination of the true velocity 
distribution. The main idea of the calibration is to smooth the seismic reflection 
velocities using data derived from the wells. The average velocity calibration function 
has been estimated for the top of each depositional sequence. This calibration function is 
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used to calibrate the average seismic velocity, and then used for the time to depth 
conversion processes in Chapter 5. Also, the calibration interval velocity functions have 
been estimated within each seismic sequence. These functions are used later to calibrate 
the seismic reflection velocities, and obtain more accurate interval velocity distribution 
over the entire study area. This interval velocity, and its changes, relates to the 
stratigraphy and lithology of the particular section, and are great value in the geological 
interpretation. The mapping and interpretation of the interval and average velocities are 
discussed in Chapter 5. 
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CHAPTER 5 
Velocity Mapping and Depth Conversion 
5.1 Introduction 
The investigation and interpretation of seismic velocity is a widely used method to 
obtain stratigraphic and structural information by using and observing vertical and lateral 
changes in those velocities. Chapter 4 has presented a complete and very detailed 
velocity analysis. The velocities used in this chapter have been obtained from nine wells 
and closely spaced velocity analysis of 54 seismic profiles. The derived average and 
interval seismic velocities have been 'calibrated' to fit the absolute values of the 
velocities measured from the wells. The velocities have been edited to exclude 
unrealistic values, and adjusted to tie with well information. This final 'calibration' 
process is necessary for accurate and consistent time to depth conversions in the Agdabia 
Trough and Soluq Depression. 
Seismic velocities have many potential uses including time-to-depth conversion, and 
gross lithological interpretation. The interpretation is concerned with taking the 
observed velocity or velocity changes, and interpreting them in terms of some rock 
property. Many factors are found to influence velocity. However, the main objective in 
this chapter is to produce velocity distribution fields for each depositional sequence, and 
show how velocity maps can be used to indicate lithologic and stratigraphic changes and 
to help to evaluate the geological and tectonic history of this area. The other important 
aim of this chapter is to produce reliable depths to the top of each sequence by 
converting travel times using calibrated average velocity information. This depth-
conversion method results in depth maps estimating each sequence's depth away from 
well locations. 
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In this study, sets of depth and velocity maps are constructed. Eight depositional 
sequences have been mapped, namely: the Upper Cretaceous sequence, the Palaeocene 
sequence, the Lower Eocene sequence, the Middle Eocene sequence, the Upper Eocene 
sequence, the Lower Oligocene sequence, the Upper Oligocene sequence, and the Lower 
Miocene sequence. The interpretation of the depth and velocities maps for individual 
seismic sequences, together with all available geological and geophysical data, will lead 
to a more complete final interpretation in the thesis. 
In the remaining sections of this Chapter, the following topics will be discussed. 
First of all the factors affecting velocity are described in Section 5.2. Burial history 
evaluation from velocity data is discussed in Section 5.3. Average- and Interval-
velocities are plotted and interpreted in Sections 5.4 and 5.5, respectively. In Section 5.6, 
depth conversion of the calibrated average seismic velocity is undertaken. This depth 
conversion ends with a depth map to the top of each depositional sequence. Finally a 
brief summary is given in Section 5.7. 
5.2 Factors affecting velocity 
Physical properties of earth materials and the laws of sound propagation in those 
media, primarily cause the velocity variations in rocks. In sedimentary rocks, the P-wave 
velocity is dependent upon the wave velocity in the rock matrix, the porosity and the 
velocity in the fluid filling the pore spaces. Also, the velocity depends on the strength of 
rock, which reflects the consolidation and sedimentation, both of which tend to increase 
with age and burial. The rock density generally increases while porosity decreases with 
burial. However, the lithology, porosity and depth of burial are considered the most 
prominent factors affecting the velocity of sediments, while the others play a part. In the 
following section these main factors are discussed in more details. 
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5.2.1 Lithology 
Lithology is probably the most obvious factor effecting seismic wave velocity. 
However, each rock type has a wide range of velocities, and there is a significant overlap 
between different lithologies (Fig. 5.1). This broad range and overlap of the velocities in 
sedimentary rocks is due to the range of minerals and fluids available, as well the pore 
system and grain packing. The degree of cementation will be important too. The overlap 
of velocity values for different lithologies suggests that velocity is not a good criterion for 
determining lithology. The problem is to establish the geological significance of the 
observed velocity, or velocity changes, and interprets them in terms of some rock 
property. 
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Fig. 5.1 Velocity-density relationship for different lithologies (after Gardner et al., 1974). 
P = 0.23 V°25 is a "best fit" to all the relationships. 
In the Agdabia Trough and Soluq Depression, information from lithologic well logs 
indicate that the subsurface geology, and hence velocity distribution, of most sedimentary 
sections is likely to be complex. From the well information, it is recognised that the 
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sedimentary column of the area is composed mostly of an alternation of limestone, shale, 
and dolomites. In Fig 5.1, limestone and shale display very wide ranges of velocity, 
while the dolomite shows a relatively limited range of velocities. In general, this means 
there are no sharp limits to velocity for any given sedimentary rock, and that velocity 
measurements alone are not enough for precise lithology determination. However, in 
general, low velocity values are associated with sandstones and shales, and high velocity 
values are associated with limestones and dolomites. 
5.2.2 Porosity and pore fluid 
The pore spaces between the grains (matrix), which constitute the pore-system of the 
rock, are considered another important factor affecting the velocity. Poor sorting of the 
rock matrix, compaction and an increase in the cementation between grains are 
responsible for porosity reduction in rocks. As the sediment loses porosity and becomes 
denser with compaction, there is a simple relationship between the acoustic velocity V 
and the rock formation porosity, 0 (Wyllie et al. 1956); 
1 	0 +  1-0 —= (5-1) V Vf Vm 
where Vf is the velocity in the fluid filling the pore space, and V. is the velocity in the 
rock matrix. The fluid filling the pore space velocity varies with the compressibility of 
the fluid, which is influenced by temperature and pressure (Gregory, 1977). The effect of 
porosity on the acoustic velocity and its relation with depth of burial is discussed in some 
detail in Chapter 8. 
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5.2.3 Depth of burial and consolidation 
In general, the velocity depends on the individual velocities of both the skeletal 
grains and fluids, and on the elastic properties of the dry skeleton of the rock. The effect 
of compaction and lithification are important in sedimentary rocks for which the velocity 
is also dependent on the depth of burial. Cementation fills pores and joints by deposition 
with a resultant overall consolidation of the rock and an increase in seismic wave 
velocity. Most sedimentary rocks become more consolidated and compact as the depth 
of burial increases, where the increase in density, due to a reduction in porosity, is 
expected. The increased compaction results in a higher degree of grain contact, so 
acoustic velocity in the rock increases as pressure on the rock frame increases. 
Velocity generally increases with depth in response to regional pressure gradients. 
However, this trend may be complicated by local variations of porosity, jointing, 
pressure, cementation, interstitial fluids and lithology. At a shallow depth of burial, the 
velocity of most sedimentary rocks rapidly increases with pressure (Dobrin & Savit, 
1988). Secondary porosity in sedimentary rocks, such cracks and fractures near the 
surface, tend to close under the compaction. This results in rapid increases in velocity at 
shallow depths. The rapid increase of velocity with depth normally continues until the 
time-average velocity is approached. Gregory (1977) analyses velocity versus depth data 
and shows that beyond this depth, the layers behave like well-consolidated rock and the 
velocity depends mainly on porosity. 
The age of rock does not directly affect velocity other than by increasing the 
probability of deeper burial, cementation and consolidation. However, the younger rocks 
are expected to represent rapid increase in velocity with depth due to compaction, while 
the older rocks expected to represent slower increase in velocity. Faust (1951) relates the 
velocity with age, where the velocity of sedimentary rocks has a one sixth power 
dependence on age and depth. 
At depth, porosity generally decreases as compaction increases. However, once 
compacted, any subsequent uplift does not cause a return to the original porosity, or 
change velocity significantly. In a porous rock with weak grains the interstitial fluid can 
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have a considerable effect on the resultant seismic wave velocity. The fluid pressure of 
the interstitial fluid reduces the effective pressure, which helps to maintain porosity and 
keeps velocities relatively low. A rock that is subjected to compaction, such as shale or 
chalk becomes cemented and does not recover its original porosity on uplift. On uplift, it 
retains the porosity that it had at its depth of maximum burial (see Chapter 8). 
Formations that are above their greatest burial depth will be overcompacted with respect 
to their present depth. The velocities measured within an uplifted horizon do not 
represent the velocities of present depth, but represent the velocities at the depth of 
maximum burial. 
If the velocity-depth relationship for a given lithology can be determined in a normal 
compacted sedimentary sequence, the maximum depth of burial can be estimated from 
the observed velocity-depth relationship and hence the amount of uplift can be estimated. 
Hillis et al. (1994) used the sonic velocity data to estimate theTertiary apparent erosion 
in the Inner Moray Firth in the North Sea. Heasler and Kharitonova (1996) also used the 
sonic log velocity to estimate the erosion in the Bighorn Basin in Wyoming. Japsen 
(1998) estimates the overpressure, Neogene uplift and erosion in North Sea Chalk using 
the velocity-depth anomalies. 
In general, the rock subjected for longer time to compaction might be expected to 
have a higher velocity and the low velocity might be expected in the overburden pressure 
zones. However, to estimate the amount of uplift, the horizon under consideration 
should represent a homogeneous lithology. This makes any lateral variation in the 
interval velocity only a function of uplift. In the Agdabia Trough and Soluq Depression, 
the common lithologies are limestone, shale and dolomites. In limestones with a 
relatively uniform lithology, the seismic velocity simply increases with burial as the 
porosity decreases due to compaction and consolidation by cementation. Shales 
commonly lose their porosity due to expulsion of bound water by compaction. 
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5.3 Construction methodology for velocity maps 
An interpretation of the seismic information has been made in Chapter 3. The 
picking of seismic sequences should allow the subsurface to be subdivided into the major 
velocity units. Well information has been used to correlate seismic reflection horizons 
with stratigraphy and to estimate the gross interval velocities between horizons. Once 
the seismic reflection velocity data calibrated using well data at each seismic profile, the 
next aim is to produce velocity contour maps for each depositional sequence. 
Following the final calibration of average and interval velocities, the data were 
exported to a UNIX workstation. The velocity data were read off from 54 (dip and 
strike) seismic profiles and then posted to a shot-point location map. The Z-MAP Plus 
mapping and modelling system software is used for this purpose. Briefly, the mapping 
process is as follows: 
Merge the velocity data of all seismic profiles together to pro duce velocity data for 
each horizon. 
Interpolate the velocity data of each sequence to the shot-point location base map. 
Interpolate the velocity information at each velocity analysis shotpoint, represented 
by a series of values on square grids. The grid size should be small enough to represent 
adequately the complexity of the data. 
To understand the influence of the faults on velocity distribution (especially interval 
velocity), the gridding is consistent with the faults of each sequence. A faults file had 
previously been constructed, in order to be available for the contour mapping task. 
The contour interval, marking a fixed distance in velocity value units (meters/sec) 
between contours, has been chosen to represent compatibility with accuracy of data over 
the contour interval. Also, to minimise remaining misties at the intersection of seismic 
profiles some contour smoothing has been undertaken. 
Draw the contours through the node grid value. 
In the last step, all contours are posted on a base map. 
The steps described above were repeated with all data sets. Contour maps have been 
constructed of average velocity to the top of each individual depositional sequence, and 
interval velocity within each sequence. 
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5.4 Average velocity maps 
The average velocity is usually given as a function of depth and it can be considered 
as a vertical variation in velocity. The following velocity contour maps represent the 
average velocity between the surface and the top of each sequence. The average velocity 
maps have been constructed for eight sequences from the top of the Upper Cretaceous 
sequence to the top of the Lower Miocene sequence which is the shallowest horizon 
boundary identified in this study. The average velocity maps for these sequences are 
shown in Figs. 5.2 to 5.9. These maps were drawn to visualise the general vertical 
velocity distribution to each horizon. Significant differences in average velocity of 
individual sequences would be expected to occur between the area close to the basin, and 
towards the platform. The difference in lithology and depths of the horizons may be the 
main factors responsible for these significant velocity varialions. 
5.4.1 The Upper Cretaceous sequence average velocity map 
The top Upper Cretaceous sequence was the deepest identifiable seismic boundary in 
this research. There was no geological and geophysical information beyond (deeper) than 
this boundary. Fig. 5.2 displays the average velocity above the top of this sequence. In 
general, the contour pattern in this map shows some irregularity in the velocity 
distribution. The complexity of the velocity at this level may be attributed to the decrease 
in quality of velocity data. Velocity in the range between 3400 and 3800 rn/sec is 
dominant in the area. The maximum average velocity reaches 4000 mlsec, encountered in 
the northern part. 
5.4.2 The Palaeocene sequence average velocity map 
The average velocity through the sedimentary succession from the surface to the top 
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Fig. 5.2. Average velocity contour map to the top of the Upper Cretaceous sequence 
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Fig. 5.3. Average velocity contour map to the top of the Palaeocene sequence in the 
Agdabia Trough and Soluq Depression. 
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appearance from that of the previous sequence (Upper Cretaceous sequence). The 
contour patterns in this map generally represent a uniform average velocity distribution 
over all the area. Lower average velocity values than the previous mapped horizons have 
been observed as might be expected from decreasing depth of burial. The velocity 
predominantly ranges between values of 3000 and 3400 rn/sec. The map shows that 
velocity generally increases towards the west and southwest, and the maximum average 
velocity reaches 3600 rn/sec in the area to the southwest. 
5.4.3 The Lower Eocene sequence average velocity map 
Fig. 5.4 shows the contour map of the average velocity to the top of the Lower 
Eocene sequence. This map generally displays a consistent and uniform average velocity 
distribution overall the study area. Average velocities from 2800 to 3000 - -r/see, are 
dominant. A slight lateral change in velocity has been observed in the northern part, with 
some close contour lines indicating an abrupt increase in the average velocity in the west. 
The map generally shows that the velocity increases toward the south and east. The 
maximum average velocity in this map reaches 3400 m/sec, encountered in the western 
parts. 
5.4.4 The Middle Eocene sequence average velocity map 
The average velocity to the top the Middle Eocene sequence is displayed in a 
contour map Fig. 5.5. Generally, in the southern part of the area, there is no significant 
sudden change in average velocity. The average velocity is gradually increasing towards 
the south and southeast. The map shows lower average velocity values than the average 
velocity in the Lower Eocene sequence. The lower velocity reaches a value of about 
2400 rnlsec, located to the northeast, and the higher velocity value is about 3000 m/sec, 
in the eastern side of the area. 
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Fig. 5.4. Average velocity contour map to the top of the Lower Eocene sequence in 
the Agdabia Trough and Soluq Depression. 
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Fig. 5.5. Average velocity contour map to the top of the Middle Eocene sequence in 
the Agdabia Trough and Soluq Depression. 
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5.4.5 The Upper Eocene sequence average velocity map 
The distribution of the average velocity for the sedimentary succession above the top 
Upper Eocene sequence is shown in Fig. 5.6. The velocity contour pattern in this map is 
nearly similar to that shown in the average velocity map of the Middle Eocene sequence. 
However, some differences in contour values and patterns between the two maps have 
been observed. An increasing velocity toward the southeast is noticed. Average velocity 
values between 2500 and 2700 rn/sec is the most dominant range in the area. 
5.4.6 The Lower Oligocene sequence average velocity map 
Fig. 5.7 shows the lateral average velocity variation to the top of the Lower 
Oligocene sequence. The contour values represent relatively lower velocities than the 
previous mapped horizons. This observation is consistent with what might be expected 
from decreasing depth of burial. Generally, there is no big difference between the 
contour pattern in this sequence and the lower mapped sequence. However, the wider 
contour pattern in this map indicates less complexity in the average velocity distribution 
comparing with the lower horizons. The map shows that the higher velocity value is 
2800m/sec, whereas the lower value is 2400 rn/sec. Unsystematic velocity variation 
trends have been observed, with a general increasing velocity towards the east. 
5.4.7 The Upper Oligocene sequence average velocity map 
The average velocity to the top of the Upper Oligocene sequence is shown in Fig. 
5.8. The average velocity contour values are slightly lower than those for the Lower 
Oligocene sequence, as might be expected. This is consistent with decreasing of average 
velocity with decreasing depth of burial. However, contour patterns of the average 
velocity above this horizon do not differ much from the velocity distributed in the lower 
horizon. An average velocity from 2400 to 2500 rn/sec is the dominant range for the 
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in the Agdabia Trough and Soluq Depression. 
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5.4.8 The Lower Miocene sequence average velocity map 
The Lower Miocene sequence is the uppermost mapped horizon in the Agdabia 
Trough and Soluq Depression. The average velocity to the top of this sequence is shown 
in Fig. 5.9. The wide spaced contour pattern indicates the velocity changes are gradual, 
and consistent over the entire area. A gentle slope in the average velocity gradient, 
gradually increasing towards the east, has been observed. The sequence is characterised 
by a relatively narrow velocity variation range, where the highest velocity contour is 
about 2400 rn/sec and the lowest contour is about 2200 rn/sec. 
5.5 Interval velocity maps 
The interval velocity estimation using the Dix equation, and calibration using well 
data, has been done in Chapter 4. The interval velocity, in fact, represents the mean 
velocity within each sequence. Accurate estimation of interval velocity for a specific 
seismic sequence is important for both lithologic and stratigraphic interpretation in the 
Agdabia Trough and Soluq Depression. Contour maps of the interval velocities may 
reflect the important variables that control velocity variation within the depositional 
sequences in the area. 
The final step in the velocity investigation is to interpret the meaning of interval 
velocity distribution in terms of the subsurface parameters that control velocity variation. 
Particular details of velocity structure and an investigation of the lateral velocity 
variation provide parameters such as depositional environment, source area location, 
burial history, structural style and structural position. Faults in general, cause 
discontinuities in the interval velocity data. In order to consider the effect of faults on 
interval velocity distribution in the Agdabia Trough and Soluq Depression, the maps are 
contoured consistent with the fault pattern on the surface of each sequence. The interval 
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Fig. 5.9. Average velocity contour map to the top of the Lower Miocene sequence 
in the Agdabia Trough and Soluq Depression. 
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variation. These maps are constructed for all the Tertiary sedimentary sequences. The 
Upper Cretaceous sequence is excluded from this mapping because of the lack of any 
significant geological and geophysical information on its lower boundary. 
5.5.1 The Palaeocene sequence interval velocity map 
The Palaeocene sequence is the oldest unit mapped for interval velocity distribution. 
Fig. 5.10 shows contour plotting of the interval velocity within this sequence. The 
contour patterns in this map generally have an irregularity in their shape indicating an 
unsystematic lateral change in velocity, which reflects the abrupt velocity changes in 
some parts of the area. The entire sequence is penetrated only in three wells in the area 
A1-NC129, 11-41 and M141. The well information shows that the dolomite is the 
predominant iithoiogy in the sequence. Limestone beds occasionally occur within the 
sequence. In well M1-41, which is located in the south, the complete section of the 
sequence is only of about 50 m thick. The total thickness of the sequence in well 11-41 
reaches about 550m thick which is located in the southwest. 
The Palaeocene sequence is the most highly faulted horizon in the Agdabia Trough 
and Soluq Depression. The main faults appear concentrated in a belt roughly tending 
NW-SE, where some of them have WNW-ESE trend. From the seismic interpretation in 
Chapter 3, those faults are normal type downthrown toward the southwest. A significant 
variation in the Palaeocene sequence thickness has been observed in the area (Chapter 7). 
This thickness variation may be attributed to some local uplifting movements, where 
erosion or non-deposition occurs. This situation may effect the maximum depth of burial 
throughout the sequence, and therefore, effect on interval velocity distribution. Variation 
in sequence thickness and the intensive faulting with some variations in lithology may be 
considered as the most significant factors affecting on the interval velocity distribution 
within the Palaeocene sequence. However, decreased accuracy of velocity estimation 
with depth must be considered, especially in those intensive faulted areas. 
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Fig. 5.10. Interval velocity contour map within the Palaeocene sequence in the 
Agdabia Trough and Soluq Depression. 
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5.5.2 The Lower Eocene sequence interval velocity map 
The interval velocity through the Lower Eocene sequence is shown in Fig. 5.11. A 
wide range of interval velocity variation can be seen on this map. To the west and 
southwest, there are velocity anomalies indicated by relatively close contour patterns. 
More irregular and dense velocity contours are located at intensive faulted areas. The 
unit is dissected by a number of normal, relatively large faults. These faults occur 
towards the basin margin and in some instances may control the sedimentation in the 
Lower Eocene sequence. Transfer zones between these faults may act as conduits for 
local sediment transport in basin stratigraphy. The effect of these faults on the accuracy 
of seismic velocity estimation, and the control of these faults on the lateral facies 
distribution, makes the interval velocity more complicated. 
The Lower Eocene sequence represents lithologic facies changing throughout the 
area of study (see Figs. 3.4 & 3.5). Well information and lithological logs show that the 
limestone, interbedded with some intervals of shales and marls, are the predominant rock 
type in this sequence. The sequence is generally thin and represents lateral variation in 
the sequence thickness. The sequence displays remarkable thinning at well 11-41. 
Thinning of the sequence in the area of well 11-41 affects the resolution of velocity 
measurement in that area. However, the lateral velocity variation in the Lower Eocene 
sequence is interpreted as controlled by sedimentary facies variation, and the affect of the 
fault structures. The variation of depth of burial throughout the sequence may also effect 
the interval velocity distribution. 
5.5.3 The Middle Eocene sequence interval velocity map 
The map of the interval velocity distribution within the Middle Eocene sequence is 
shown in Fig. 5.12. This map shows a different appearance from that of the previous 
sequences (The Palaeocene sequence and the Lower Eocene sequence). The contour 
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Fig. 5.11. Interval velocity contour map within the Lower Eocene sequence in the 
Agdabia Trough and Soluq Depression. 
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indicates some uniformity in velocity distribution. The interval velocity in the northern 
and eastern areas only ranges between 3400 and 3600 rn/sec. However, the faulted areas 
around and northwest of well 11-4 show relatively dense contours, which suggest a 
sudden change in interval velocity within the sequence occurring in these areas. The 
maximum interval velocity in the faulted areas reaches value of about 4200 rn/sec. 
The Middle Eocene sequence is composed of relatively uniform lithology 
throughout the Agdabia Trough and Soluq Depression (see Figs. 3.4 & 3.5). It is mainly 
composed of argillaceous fossiliferous limestone. The well information of M1-41, Ni-
41, H1-41 and C1-41 shows that argillaceous limestone interbedded occasionally with 
shale beds, is the dominant lithology. The map shows increasing velocity towards the 
west and southwest. Generally, the velocity increase gradually, but relatively have steep 
gradients where the shelf margin is present at the area of well 11-41. Based on well data, 
the increasing velocity trend may he consistent with an increase of relatively dense 
carbonates towards the basin. The sequence depth of burial increases toward the 
southwest, and it is more significant beyond the shelf margin area. This gives another 
important reason for increasing interval velocity toward the southwest, in which porosity 
reduction and compaction might be expected with increasing depth. 
5.5.4 The Upper Eocene sequence interval velocity map 
Fig. 5.13 is a contour plot of the interval velocity within the Upper Eocene sequence. 
Contour patterns of this map are much different from the previous interval velocity map 
of the Middle Eocene sequence. The velocity in this map is in the range of between 3000 
and 3400 rn/sec. Well data in the Agdabia Trough and Soluq Depression shows lateral 
lithofacies changes in the Upper Eocene sequence (see Figs. 3.4 & 3.5). The sequence 
mainly consists of argillaceous limestones interbedded with shales. Lithological logs 
from wells located in the northwestern (A1-NC129, B1-NC129 and C1-41) show that 
chalky and argillaceous limestones are the common rock types. The limestone interbeds 
with shale in the western and southern wells (N1-41 and 111-41). In general, the velocity 
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Fig. 5.13. Interval velocity contour map within the Upper Eocene sequence in the 
Agdabia Trough and Soluq Depression. 
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relatively close contour patterns, indicating sudden changes in the distribution of the 
interval velocity within the sequence. 
5.5.5 The Lower Oligocene sequence interval velocity map 
The interval velocity distribution in the Lower Oligocene sequence is shown in Fig. 
5.14. The velocity contours in this map show some irregularity, especially in the 
northwestern area, which reflects some lateral interval velocity variation. Velocity in the 
range between 3000 and 3200 mlsec is the most dominant in the map. The lower 
velocity values are encountered in the western and northeastern parts of the area, where 
slightly increasing velocity generally marks the sequence southeastwards. The well 
information shows that the Lower Oligocene sequence represents lateral changes in 
lithofacies throughout the Agdabia Trough and Soiuq Depression (see Figs. 3.4 & 3.5). 
Limestone and shale interbedded with some marl beds are the predominant lithologies in 
the sequence. A thick shale sequence was deposited in the west and southwest, while 
interbedded shales and carbonates were deposited in the east. There are only a few 
normal faults of NW-SE orientation marked on the map. However, these faults appear to 
be without any significant affect on the interval velocity distribution. Therefore velocity 
distribution within the sequence may be controlled by the lateral lithological variation. 
5.5.6 The Upper Oligocene sequence interval velocity map 
Fig. 5.15 shows the interval velocity map of the Upper Oligocene sequence. The 
map of this sequence shows a different appearance from that of the previous sequences. 
The contour patterns in this map generally display a uniform velocity distribution within 
the sequence. The dominant interval velocity range is between 3000 and 3200 mlsec. 
The most important thing to notice in this sequence is the shift in the increasing velocity 
trend from the south and southeast as in the underlying sequences, to the north. The well 
data shows limestone as the predominant lithology in the Upper Oligocene sequence (see 
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Fig. 5.15. Interval velocity contour map within the Upper Oligocene sequence in 
the Agdabia Trough and Soluq Depression. 
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Figs. 3.4 & 3.5). The limestone is interbedded with some beds of shale and marl. 
Dolomitic limestone and anhydrite beds occasionally occur within the sequence. In 
southern areas, the lithology of the sequence is mainly fossiliferous limestone 
interbedded with shale (wells; 11-41, M1-41, N1-41 and 1-11-41). The dolomitic 
limestone and anhydrite percentage increases in the eastern wells. In the northern areas, 
fossiliferous limestone interbedded with marls is the predominant rock type. This 
lithology variation may be correlated with the interval velocity distribution in the 
sequence. No fault structures appear in this level, and the lithology may be the main 
cause of velocity variation. 
5.5.7 The Lower Miocene sequence interval velocity map 
The interval velocity within the Lower Miocene sequence is displa yed in the  contour 
map of Fig. 5.16. From this map, no significant sudden change in interval velocity 
marked the horizon, and consistent lateral variation in velocity distribution can be seen. 
The interval velocity of the sequence ranges between 2200 and 2600 mlsec. Little shift in 
the increasing velocity trend towards the east has been observed. The well data shows the 
Lower Miocene sequence is mainly composed of shale and argillaceous limestone 
throughout the basin. The shale is the predominant lithology in the lower part of the 
sequence and fossiliferous limestone interbedded with some intervals of shales appears in 
the middle part. In the upper part, the lithology of this unit is primarily shale with some 
argillaceous limestone. The shale percentage increases towards the west and southwest. 
The interval velocity distribution largely reflects the gradual lithological variation within 
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Agdabia Trough and Soluq Depression. 
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5.6 Time to depth conversion 
5.6.1 Overview 
One of the significant results in this project is to determine reliable depths to the top 
of each depositional sequence in the Agdabia Trough and Soluq Depression. It is an 
important step in the seismic interpretation to convert the reflection times to depth. The 
time to depth conversion in this research was carried out using velocities derived from 
surface seismic data calibrated by well velocity data. The depth conversion of the 
seismic reflection data is usually done for selected seismic profiles in a survey. In this 
study the time to depth conversion was carried out for all depositional sequences in the 
Agdabia Trough and Soluq Depression area. 
Time to depth conversion for complicated geological models including laterally 
variable velocities and reflector structure strictly requires more accurate velocity 
consideration. The assumption of linearly increasing velocity with depth is the basis of 
the depth conversion method. However, since wells are usually drilled near geological 
structures, these depths do not represent the actual depth of the formations between the 
wells. Using time and velocity data to compute depths in between the wells supports both 
geological and geophysical knowledge of the entire area under investigation. Also, an 
accurate forecast of depths to geological formations is critical in the design of a drilling 
programme, particularly if high pore fluid pressures are expected. 
The main aim of depth conversion in this study is to identify and interpret the 
geological horizons between wells, and to construct isopach maps, in the depth domain 
rather than the time domain. The thickness information is useful for interpretation of the 
depositional environment and the later geological processes for each horizon (see 
Chapter 7). Furthermore, the depth conversion in this study aimed to provide depth 
information for construction of seven 'pseudowells'. These wells have been used for the 
purpose of subsidence analysis of the sedimentary succession in the area (see Chapter 9). 
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5.6.2 Methodology 
The increasing need for accuracy in time to depth conversion is a direct consequence 
of the increase in exploration for hydrocarbons, over the last few decades. The accuracy 
of depth estimation usually depends on the precision of velocity information for the area. 
A commonly used method of depth conversion is simply multiplying time values by 
average velocities. In this research, the average velocity derived from the seismic 
reflection data, and calibrated using well velocity data from nine boreholes, has been 
determined. The calibrated average velocities together with the two-way travel times, to 
the top of each depositional sequence, have been used to calculate the depths of these 
sequences. 
Different approaches were used in this study for automated calculation of depth. 7- 
MAP Plus mapping and modelling system software was used to produce the depth maps. 
The depth conversion process started with construction of both the two-way travel time 
map and the average velocity for each sequence. Then the average velocity gridded data 
for each horizon was multiplied with the time gridded data. The resulted gridded depth 
data was posted and contoured. The depth-conversion in this research resulted in depth 
maps with perfect well ties and (geologically) reasonable depth estimates away from 
wells. 
5.6.3 Depth maps of the sequences 
Contour depth maps to the top of each depositional sequence were constructed over 
the Agdabia Trough and Soluq Depression. To consider the important influence of fault 
structures in the depth maps, the depth data was posted on base maps with fault patterns 
on the mapped horizons. The following section describes these maps in detail. 
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5.6.3.1 The Upper Cretaceous sequence depth map 
The top of the Upper Cretaceous sequence is the deepest horizon identified in the 
area. Fig. 5.17 shows the depth structure contour map of this depositional sequence. 
The contour patterns in this map show lateral depth variations in some parts of the area. 
In general, the depth gradually increases towards the southwest. Close contour spacing 
in the map, which is concentrated west of well 11-41, indicates a sudden increase in 
sequence depth at the shelf margin. The shallowest depth of the horizon is about 2200 m 
(7218 ft.), which is encountered in the northeast, whereas the sequence reaches depths of 
5800 m (19028 ft.) in the southwest. The general trend of normal faults dissecting the 
Upper Cretaceous sequence is NW-SE. Differential subsidence across the hinge-line 
between the Sirte Basin and Cyrenaica Platform, together with the effect of the fault 
displacement, are the main reasons for the sudden increase in depth towards the deep 
basin. 
The Upper Cretaceous sequence in the Agdabia Trough and Soluq Depression is 
only penetrated in wells A1-NC129, 11-41 and M141. The comparison of the sequence 
depths in these wells with the constructed depth map shows misties especially in Well Ii-
41. However, this disagreement is expected at this level due to the following reasons: 
The Upper Cretaceous Sequence is the most intensively faulted horizon. 
These faults have a detrimental effect on the accuracy of both picking horizon 
times and velocity measurements. 
The decreasing seismic resolution with depth affects the precise picking of the 
horizon time on the seismic profile. 
Lower accuracy of seismic reflection velocity estimation with increasing 
travel time. 
Less control points for seismic velocity calibration as the horizon is only 
penetrated in a few wells. 
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Fig. 5.17. Depth structural contour map of the top of the Upper Cretaceous 
sequence in the Agdabia Trough and Soluq Depression. 
5.6.3.2 The Palaeocene sequence depth map 
The Palaeocene sequence depth structure contour map is shown in Fig. 5.18. The 
contour patterns in this map show lateral variation in the sequence depths in some parts 
of the area. Slightly increasing depth generally marks the sequence southwestwards. An 
exception is the shelf margin at well 11-41, where sudden increases in depth are 
observed. The shallowest depth of the horizon is 1600 m (5249 ft.), located in the 
northeast. The deepest part reaches more than 5000 to (16404 ft.), encountered in the 
southwest. 
The sequence is intensively dissected by many normal faults dipping mainly 
southwards. The main faults in the sequence appear to be concentrated in a belt roughly 
tending NW-SE, where some of them have a WNW-ESE trend. These faults may have 
an influence in the irregularity of the depth contours. Close contours on the map are seen 
to the west of well 11-41, indicating a sudden increase of depth to the southwest. The 
location of the area on a hinge-line between the Sirte Basin and Cyrenaica Platform may 
be the main reason for the abrupt increase in depth towards the deep basin. Subsidence, 
which is expected to increase towards the deep basin, as well as the displacement of 
normal faults, may be the most plausible reasons for this change in the depth gradient 
towards the southwest. 
5.6.3.3 The Lower Eocene sequence depth map 
Fig. 5.19 shows the depth contour map of the Lower Eocene sequence. As in the 
previous map, a general trend of the depth increasing toward the southwest is observed. 
The depths on this map show good agreement with the depths of the sequence in the all-
well logs. The shallowest depth of the horizon is about 1400 m (4593 ft.), and the 
deepest part reaches 4000 m (13123 ft.). This horizon is approximately dissected by the 
same faults that marked the Palaeocene sequence. The influence of these faults on the 
contour pattern of the depth map is significant. Narrower contour line spaces represent 
the high depth gradient as we move from the area around 11-4 1 toward the southwest. 
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Fig. 5.19. Depth structural contour map of the top of the Lower Eocene sequence in 
the Agdabia Trough and Soluq Depression. 
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The change in the sequence depth to the southwest may be attributed to the 
displacements of normal faults and increasing subsidence towards the deep basin. 
5.6.3.4 The Middle Eocene sequence depth map 
The depth to the top of the Middle Eocene sequence is shown in Fig. 5.20. The 
shape of the contour pattern represents something different compared to the depth maps 
of the underlying depositional sequences. The main difference is a more regular contour 
pattern in this map. This may be attributed to decreasing of the fault structures in this 
horizon compared with the underlying horizons. The widely spaced contour lines 
indicate gradual increasing in depth southwestwards. However, in the southwest, 
relatively narrower spaced contour lines indicate abruptly increasing sequence depth. 
The depth of this sequence over all the area range between 800 and 3500 m (2624 to 
11483 ft.), which represents very good ties with the depth in well logs. Increasing depth 
towards the southwest indicates increasing basin subsidence as we move toward the deep 
basin. The increase of post-rifting thermal relaxation and the fault displacements 
towards the southwest may explain the abrupt changes in the depth gradient over the 
hinge zone toward the basin. 
5.6.3.5 The Upper Eocene sequence depth map 
The depth structure contour map of the Upper Eocene depositional sequence is 
shown in Fig. 5.21. The contour pattern in this map is not much different from the 
underlying the Middle Eocene sequence. Gradual and uniform increasing in depth marks 
the sequence towards the southwest. A very gentle increase in sequence depth has been 
observed until the area of well 11-41. To the west of this well the contour line spacing 
indicates an abrupt increase in depth towards the deep basin. The depth of 700 m (2296 
ft.) represents the shallowest depth of the sequence in the Agdabia Trough and Soluq 
Depression, and 3300 m (10827 ft.) is the greater depth. There is a good agreement 
between the map depths and the well logs. The NW-SE trending major faults in the 
southwest do not show any significant changes in the contour pattern. However, the 
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Fig. 5.21. Depth structural contour map of the top of the Upper Eocene sequence in 
the Agdabia Trough and Soluq Depression. 
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location of the area on the hinge zone explains the sudden change in the depth gradient 
towards deep basin. As in the case of the previous sequences, the main reason for the 
change in depth gradient toward the deep basin is the thermal subsidence of the post-rift 
succession. 
5.6.3.6 The Lower Oligocene sequence depth map 
Fig. 5.22 shows the depth structure contour map to the top of the Lower Oligocene 
sequence. The map shows clearly an increase of depth of the horizon towards the 
southwest. The contour patterns in the map show very gentle increase in depth of the 
horizon until the area of well 11-41. Relatively closer contour line spacing to the 
southwest of the well 11-41 has been observed, which indicates higher increasing depth 
gradient in this direction. The shallowest depth of the horizon appears at the northeast 
corner, and has a value of 600m (1969 ft). The deepest part is about 2400 m (7874 ft.), 
in the southwest. The depth of the Lower Oligocene sequence from this map is very 
precise compared with the depths extracted from the well control points. Here again the 
increasing depth gradient toward the southwest indicates increasing basin subsidence as 
we move southwestwards. Thermal subsidence of post-rift sequences in the basin is 
expected to be the main reason for the increasing depth gradient in this direction because 
there are no major effects of fault displacement in this sequence. 
5.6.3.7 The Upper Oligocene sequence depth map 
Fig. 5.23 shows the depth structure contour map to the top of the Upper Oligocene 
sequence. The contour pattern in this map is similar to the Lower Oligocene map. A 
gradual and uniform increase in depth of the sequence towards the southwest has been 
observed. The shallowest depth is encountered at the northeast corner of the area, of 
about 300m (984 ft.). The greater depth reaches a value of 1800m (5906 ft), in the 
southwest. Moving towards the southwest, the contour spacing becomes closer, which 
indicates an increasing depth gradient towards the deep basin. The increase of gradient 
in this direction may be due to a greater subsidence towards the deep 
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Fig. 5.23. Depth structural contour map of the top of the Upper Oligocene sequence 
in the Agdabia Trough and Soluq Depression. 
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basin comparing with the platform. However, the gradient of increasing depth 
southwestward is obviously lower than the increasing depth gradient in the underlying 
the Lower Oligocene sequence in the same trend. This may be interpreted as a decrease 
of the effect of the basin thermal subsidence with time. 
5.63.8 The Lower Miocene sequence depth map 
The depth structure contour map of the Lower Miocene depositional sequence is 
plotted in Fig. 5.24. In this map, the uniform spacing between contour lines indicates a 
slight lateral change in the depth of this horizon. Gradual increasing depth towards the 
southwest generally marks the sequence throughout the Agdabia Trough and Soluq 
Depression. The contour pattern in this map indicates that the increasing of depth is 
consistent with the strike of the major trend of the structures in the area (NW-SE). The 
shallower depth of the sequence is encountered in the northeast of value of 100 m (328 
ft), whereas the greater depth is 700 m (2297 ft), in the southwest. The increasing depth 
toward the deep basin is attributed to the thermal subsidence of the basin. 
5.7 Summary 
In areas with good velocity information, based on a number of wells and seismic 
reflection data, a series of different velocity maps have been constructed. These maps 
have been used to indicate lithologic and stratigraphic changes, and to help to evaluate 
the geological and tectonic history of the Agdabia Trough and Soluq Depression. Also, a 
time to depth conversion operation has been done for all depositional sequences in the 
entire area. The results of average velocity, interval velocity and depth conversion are 
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Fig. 5.24. Depth structural contour map of the top of the Lower Miocene sequence 
in the Agdabia Trough and Soluq Depression. 
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5.7.1 Summary of average velocity 
In the average velocity maps, increasing velocity with depth has been observed. The 
compaction process, and consequent loss of porosity, is the primary cause for the 
increase of velocity with depth. The significant difference in the average velocity of 
individual sequences mostly occurs between the area toward the deep basin and toward 
the platform. This velocity variation may indicate the difference in lithology between the 
two areas. In the lower depositional sequences (the Palaeocene sequence and the Lower 
Eocene sequence), the average velocity distribution is generally unsystematic. However, 
a general increase of velocity has been observed towards the southwest, consistent with 
an increasing depth of burial towards the basin. The Middle Eocene sequence and all 
overlying sequences are characterised by increased velocity towards the east and 
southeast. Limestones and shales are the predominant lithologies in these sequences, 
with a considerable shale percentage, increasing as we move towards the deep basin. 
The increased shale percentage towards the west and southwest is the most reasonable 
explanation of decreasing velocity towards that direction. 
5.7.2 Summary of interval velocity 
It is very useful in this project to interpret the meaning of interval velocity 
distribution in terms of the subsurface parameters that control velocity variation. The 
interval velocity maps represent the pattern of velocity variation within the sequences and 
reflect the controlling variables of lithological variation and depth of burial. The interval 
velocity maps are constructed for all the Tertiary sedimentary succession in the Agdabia 
Trough and Soluq Depression. In the Palaeocene sequence and the Lower Eocene 
sequence significant lateral changes in velocity have been observed. The effect of faults 
on accuracy of seismic velocity estimation, and the controls of those faults on the lateral 
facies distribution, makes the interval velocity more complicated. Normal faults occur 
towards the basin margin and in some instances may control sedimentation. Transfer 
zones between these faults may act as conduits for local sediment transport in basin 
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stratigraphy. However, the variation in the thickness, and the intensive faulting 
controlling lithological variations, may be considered as the main factors affecting the 
interval velocity distribution within these sequences. 
In the Middle Eocene sequence and the Upper Eocene sequence, the interval velocity 
maps generally display relatively less irregularity in velocity distribution in the area. 
Variations of both lithology and depth of burial of these sequences are the main factors 
affecting velocity distribution. In the Lower Oligocene sequence, the Upper Oligocene 
sequence and the Lower Miocene sequence, the interval velocities decrease towards the 
west and southwest. The interval velocity maps of these sequences generally display 
uniform velocity distribution. The velocity distribution in these sequences is largely a 
consequence of the lateral lithology variation. Deposition of a thick sequence of shale 
basinward is the most plausible explanation for velocity decreasing towards the 
southwest. 
5.7.3 Summary of depth conversion 
Time to depth conversion for complex geological models including laterally variable 
velocity and reflector structure has been made. The depth conversion in this research is 
characterised by using velocities derived from surface seismic data calibrated by well 
velocity data. The final results of the depth conversion are depth maps with perfect well 
ties, and with reasonable depth estimates away from wells. The depositional sequences 
display an increase in depth towards the southwest. Fault displacements across the 
hinge-zone, and an increase in thermal relaxation in the post-rift period in the deep basin 
compared to the platform, are the main reasons for this depth variation. 
The depth information has been used to identify and interpret geological horizons 
between wells in the depth domain rather than the time domain, and to get information 
about thicknesses of the depositional sequences in the area. The isopach maps will be 
discussed and analysed in Chapter 7. Also, the depth data is used to provide depth 
information for the construction of seven 'pseudowells'. These wells have been used for 
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the subsidence analysis of the sedimentary succession in the Agdabia Trough and Soluq 
Depression in Chapter 9. 
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CHAPTER 6 
Concepts of Seismic and Sequence 
Stratigraphic Analysis 
6.1 Introduction 
Development of the seismic stratigraphy technique has provided a powerful tool in 
analysing sedimentary basins. Stratigraphic analysis of a seismic record is based on the 
interpretation of seismic reflection characters, and their relationship with geological time 
lines through recognition of unconformities and their correlative surfaces, and major 
factors affecting deposition. This chapter illustrates the concepts and techniques of 
seismic and sequence stratigraphy as applied to the Agdabia Trough and Soluq 
Depression (Chapter 7). As the majority of the rock column in the area contains thick 
sequences of carbonate sediments, special consideration is given in this chapter to the 
principle of seismic sequence stratigraphy analysis of carbonate depositional systems. 
The principle and concepts of seismic stratigraphy were first published by Payton in 
AAPG Memoir 26 (1977). Many others discussed and used seismic stratigraphic 
concepts (e.g. Sheriff, 1980; Vail & Todd, 1981; Brown & Fisher, 1980; Vail et al., 
1984; Vail, 1987; Van Wagoner et at, 1987; Van Wagoner et al., 1988; Davis & 
Jackson, 1988; Tipper, 1993; Cartwright et at, 1993). The seismic stratigraphic 
approach has been used to relate seismic reflections to geology. Brown & Fisher (1980) 
stated that the seismic stratigraphic approach permitted the inference of subtle 
stratigraphic relationships, and the interpretation of depositional processes invoking 
lithofacies models. 
The basic principle of seismic stratigraphy is that major, regionally continuous 
primary seismic reflections are chionostratigraphic in nature, following bedding or time 
planes rather than gross lithostratigraphic boundaries. The geometry of reflections 
correlates with depositional geometry. Therefore, the application of the seismic 
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stratigraphic technique to a grid of seismic data groups seismic reflections into packages 
that correspond to chronostratigraphically genetic depositional intervals. These intervals 
are depositional sequences (Vail, 1987). The idea of sequences as depositional systems 
was first introduced by Sloss (1963). Sequence stratigraphy is essentially the study of 
facies within the depositional sequences, together with the overall setting of each 
sequence within a basin as a whole. 
However, to date most seismic stratigraphic or seismic lithologic interpretations 
have been applied to clastic depositional systems. They can also be modified for 
carbonate system interpretation (Sarg, 1988; Tucker, 1991; Hondford & Lorick, 1993). In 
fact, the investigation of stratal patterns is meaningful to a sequence stratigraphic analysis 
of carbonates as the unusual and unique patterns often develop as a result of erosion and 
deposition in carbonate systems. 
6.2 Fundamental principles of seismic stratigraphy 
Seismic reflections result from the reflection of seismic waves from physical 
interfaces, which are generated by changes in acoustic impedance. The amplitude and 
polarity of these reflections are controlled by the acoustic impedance contrast between the 
underlying and overlying rock units. The configuration of the seismic reflectors is 
principally geological in origin, controlled by bedding patterns which are related to 
depositional environments. Haq et al. (1988) illustrated the principle parameters used in 
seismic stratigraphic interpretation and their probable geological significance (Fig. 6.1). 
Continuity of the seismic reflection depends essentially on the continuity of acoustic 
impedance contrast along the stratal surfaces. The lithology of the rocks is the most 
important factor affecting the acoustic impedance parameters (velocity and density) of 
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Fig.6. 1. The depositional sequence model (after Haq ci al., 1988). 
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The original principle of seismic stratigraphy is that regional primary seismic 
reflections are chronostratigraphic in nature and follow bedding or time planes rather than 
gross lithostratigraphic boundaries. In other words, the seismic reflectors have 
chronostratigraphic significance by representing time lines rather than facies contrasts. 
The stratal surfaces delineate ancient surfaces of deposition and therefore are essentially 
time synchronous. Vail et at (1977) assumed that the reflections would follow the 
synchronostratigraphic surface where the seismic reflection is believed to be generated as 
a result of significant acoustic impedance contrast across the sequence boundary. Brown 
and Fisher (1980) also suggested that seismic reflections are chronostratigraphic markers, 
that may cross the boundaries of lithostratigraphic facies which might be more gradational 
in nature. However, Tipper (1993) argued for the possibility that seismic reflections also 
occur at lithostratigraphic boundaries. In fact, seismic discontinuities, such as 
unconformities, are not chronostratigraphic surfaces because they separate rock units of 
different ages, but they do have chronostratigraphic significance because all the rocks 
above the unconformity are younger than the rocks below it. Based on this assumption, a 
seismic section may be used for chronostratigraphic interpretation, within the limitation 
imposed by the resolution of the seismic data. 
6.3 Sequence stratigraphy concepts 
Sequence stratigraphy uses seismic stratigraphic concepts and techniques, together 
with well and outcrop data (where available), to interpret the depositional sequence of the 
basin fill. The fundamental unit of sequence stratigraphy is the sequence: "A 
depositional sequence is a stratigraphic unit composed of a relatively conformable 
succession of genetically related strata and bounded at its top and base by either 
unconformities or correlative conformities" (Mitchum et al., 1977) (Fig. 6.2). Therefore, 
sequence stratigraphy is defined as the study of genetically related facies within a 
framework of chronostratigraphically significant surfaces (Van Wagoner et al., 1990). "A 
seismic sequence is a depositional sequence identified on a seismic section" (Mitchum, 
1977). 
The sequence stratigraphic model of the Exxon Production Research Group (Van 
Wagoner et al., 1988) explained the expected stratal patterns and geometries of 
siliciclastic depositional sequences that form at passive basins margins and in response to 
relative sea-level changes. Based on this model, a sedimentary succession can be 
subdivided into depositional sequences comprising several individual units within which 
the strata are genetically related. 
The depositional sequences are bounded at their top and base by unconformities 
and/or correlative conformities. Mitchum et al. (1977) defined the unconformity as "a 
surface of erosion or non-deposition that separates younger strata from older rocks and 
represents a significant hiatus". The unconformities are often associated with angularities 
between reflections or onlapping or downiapping reflections. In seismic records, 
unconformities are recognised by discordant reflection relationships. 
The primary seismic reflections identified as depositional sequence boundaries are 
ancient surfaces and the size of the chronostratigraphic gap they represent changes along 
their length as they move from the basin margin. They occur as both conformable and 
unconformable contacts. Sequence boundaries are typically observed as uneonformities at 
the basin margins and pass basinward into a non-depositional hiatus or correlative 
conformity in the depocentre (Hubbard ci' al., 1985). Galloway (1989a & b) defined 
sequence boundaries as maximum flooding surfaces which represent times of 
paleogeographie change. A marine flooding surface is a surface across which there is 
indication of a rapid increase in water depth, which is usually characterised by an abrupt 
change to finer-grained lithologies. That represents the maximum level of transgression 
events. 
6.4 Major factors controlling deposition of sedimentary sequences 
Van Wagoner ci' al. (1990) pointed out that depositional patterns reflect the dynamic 
interplay of four principle factors, namely: eustasy, tectonics, sediment supply and 
climate. Eustatic sea-level change may come from a change in the volume of seawater or 
from change in the global architecture of ocean basins or both. Relative sea level is the 
187 
main control on the strata] geometries and distribution of sedimentary sequences (Fig. 
6.3). This relative sea level is controlled by the interplay of basin subsidence and the 
direction and magnitude of eustatic changes, and the latter is the major controlling factor 
creating the boundaries between depositional sequences (Figs. 6.1 & 6.4). 
The global eustatic cycle charts of Vail et at (1977) show cycles of three orders of 
frequency. Van Wagoner a' at (1990) also proposed fourth and fifth-order eustatic cycles 
using subsurface and outcrop data. Continental flooding cycles represents the first-order 
eustatic cycles, and their stratigraphic signature is a megasequence. The second order 
eustatic cycles consist of sets of third-order cycles bounded at their tops and bases by 
major unconformities (Haq a' at 1987; 1988). The supersequence is the stratigraphic 
signature of this eustatic cycle. Depositional sequences developed during third-order 
eustatic cycles are the basic stratigraphic signature of sequence stratigraphy. However, 
second- to fifth-order eustatic cycles are believed to be glacio-eustatic cycles (Vail et at, 
1977). These cycles are recorded by sequence cycles, system tracts and periodic 
parasequences. Generally, Upper Cretaceous and Tertiary times, the periods of interest in 
this thesis, are marked by an overall gradual restriction of sediments to the continental 
margins and basinal areas, believed to be caused by a gradual long-term fall of eustatic 
sea level. 
The interplay of eustasy and tectonics produces the observed relative changes of sea 
level. However, it is very hard to differentiate relative sea-level changes that are a result 
of fluctuations in eustatic sea-level from those due to variations in the rate of tectonic 
subsidence. Second- to fifth-order cycles might be of tectonic origin. 
The tectonic factor has the greatest effect, increasing or reducing accommodation space. 
Generally, tectonic subsidence creates accommodation space for sediments. The tectonic 
factor contributes to the type and amount of sediment when combined with climate. 
The climate helps in determining water conditions such as run-off, salinity, 
temperature and circulation, which effect the nature and types of the sediment deposited 
within a depositional sequence. Development of karst in carbonate rocks, and the 
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Fig.6.3. Depositional patterns during highstand (a) and lowstand (b) of sea level (after Vail et al., 1977). 
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Fig.6.4. Downward shift of coastal onlap indicates relative fall of sea level (after Vail ci al., 1977). 
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development is significant in humid climates, whereas under and conditions and restricted 
circulation, evaporate deposition may occur. The source of the sediment supply to a 
basin, whether it be from erosion of pre-existing strata as elastic sediments, or from 
biogenic and chemical production as carbonates, has a major affect on the resulting stratal 
pattern. Isolating the contribution of all these variables to the geometry and character of a 
depositional sequence is one of the challenges of sequence stratigraphy. 
6.5 Types of depositional sequence boundaries 
In sequence stratigraphy, the sequences are defined by sequence boundaries, which 
are produced by major and minor relative sea-level falls. Two types of erosional surfaces 
bound the depositional sequences, which are known as Type 1 and Type 2 sequence 
boundaries. These unconformity surfaces can be recognised by extensive erosional 
surfaces and downward shifts of coastal onlap (Fig. 6.4). The development of a Type 1 or 
Type 2 unconformity will depend on whether the rate of eustatic fall exceeds or is less 
than the rate of subsidence at the shelf margin. In a low rate of subsidence at the basin 
margin, the eustatic fall may result in a Type 1 sequence boundary. These discontinuities 
are subaerial and submarine unconformities, which develop when eustatic sea-level falls 
exceed subsidence at the offlap break. The Type I sequence boundary is characterised by 
a shelf bypass margin, with canyon cutting and submarine fan deposition. However, the 
Type 1 sequence boundary can be recognised by a number of criteria involving stratal 
configuration and facies relationships: 
subaerial erosional truncation, commonly as incised valleys, 
downward shift in coastal onlap and basinward shift in facies overlying this 
surface, 
onlap of overlying strata onto this surface, as either coastal onlap or onlap onto 
the margins of incised valleys, 
presence of lowstand deposits beyond the shelf edge. 
The Type 2 sequence boundary is interpreted to develop when the rate of eustatic 
fall is slightly less than, or equal to, the rate of subsidence at the depositional shoreline 
break at the time of eustatic fall. It is characterised by a basinward shift in onlap on the 
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coastal plain, and onlap onto the sequence boundary in the up-dip area. It is also marked 
by a change from progradational to aggradational stacking patterns. The Type 2 sequence 
boundary reflects a restriction of deep water sedimentation and progradational and 
aggradational shelf-margin systems. It is characterised by a downward shift in coastal 
onlap and is not characterised by valley incision, which indicates a gradual fall in the 
eustatic sea level. 
The Type 2 sequence boundary can be recognised by a number of criteria which usually 
occur on the shelf above the depositional shoreline break: 
downward shift in coastal onlap, 
limited subaerial erosion and exposure, 
vertical change in parasequence stacking patterns from prograding parasequence 
below the sequence boundary to aggradational and retrogradational above it. 
6.6 Depositional sequence component parts 
Parasequences are the fundamental building blocks of sequences and systems tracts. 
Van Wagoner et al. (1990) defined the parasequence as "a relatively conformable 
succession of genetically-related beds or bed sets bounded by marine flooding surfaces 
and their correlative surfaces". Generally, a coarsening upward facies characterises the 
parasequence indicating a gradual decrease in palaeobathymetry. An abrupt deepening in 
water depth, which produces the marine flooding surface forming the parasequence 
boundary, follows this shallow water facies. Curtis (1971) suggested that the depositional 
style depend on the ratio between sedimentation rate and subsidence rate. Sediments 
prograde when the sedimentation rate is greater than the subsidence rate, aggrade when 
the sedimentation rate is equal to the subsidence rate, and retrograde when the 
sedimentation rate is less than the subsidence rate. 
In the progradational parasequence the percentage of shallow water deposits 
increases upward, and also exhibits an upward thickening and cleaning profile, whereas 
in the retrogradational parasequence the percentage of the shallow water deposits 
decreases upward and exhibits a thinning and increased shaliness profile. In the 
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aggradational parasequence the percentage of shallow water deposits is similar and they 
exhibit uniform thickness in the whole unit. 
6.7 Depositional systems tracts 
The depositional sequence is interpreted as deposited during a third-cycle of eustatic 
change of sea level. This sequence is composed of a succession of systems tracts and 
each systems tract is interpreted as deposited during a specific phase of a relative sea-level 
cycle. A systems tract is defined as a linkage of contemporaneous depositional systems 
(Brown & Fisher, 1977), which represent a three dimensional assemblage of lithofacies. 
This subdivision of the depositional sequence provides a high degree of facies 
predictability within the chronostratigraphic framework of sequence boundaries (Van 
Wagoner et al., 1990). 
The depositional systems within each systems tract are linked by changes in 
sedimentary facies. The depositional systems tracts may be identified on the basis of 
stratal patterns and terminations, and their relationships to erosional and non-depositional 
discontinuities. The systems tracts are defined by their vertical and lateral positions 
within the sequence, by the type of sequence boundary, and by the parasequence-stacking 
pattern. Four system tracts can be identified; lowstand, shelf margin, transgressive and 
highstand. 
6.7.1 Lowstand systems tract 
The lowstand systems tract is defined as a succession of beds developed between 
the Type I sequence boundary and the first widespread transgressive surface (Fig. 6.1). 
The development of the lowstand systems tract depends upon the magnitude of the sea 
level fall and the bathymetry of the basin. It develops when relative sea level rapidly falls 
from a highstand to below the pre-existing depositional offlap break. This systems tract 
usually starts with basinal facies and is followed by basin margin deposits. The 
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occurrence of significant fluvial sediment supply along a siliciclastic basin margin is the 
main factor controlling the nature and composition of lowstand tracts. The lowstand 
facies are commonly characterised by the development of submarine fans onlapped in a 
land direction and downiapped toward the basin depocentre direction. The base of this 
systems tract is characterised by unconformity and correlative conformity, which usually 
is associated with incised valleys. 
6.7.2 Shelf-margin systems tract 
The shelf-margin systems tract is the lower most systems tract developed on a Type 
2 sequence boundary (Fig. 6.1). Van Wagoner et al. (1990) uses the term shelf-margin in 
Type 2 sequences instead of lowstand systems tract in Type 1 sequences. In the shelf 
margins, the lowstand systems tract is characterised by incised valleys, canyons, basin 
floor fans and the development of a lowstand wedge. This system tract typically consists 
of progradational to aggradational parasequence facies which onlap onto the sequence 
boundary in a landward direction and downlap in a basinward direction. The landward 
portion of a shelf-margin wedge systems tract is commonly a non-marine wedge that 
thickens seaward. 
6.7.3 Transgressive systems tract 
The transgressive systems tract is defined as the succession of beds developed 
between the first widespread transgressive surface below and a maximum flooding 
surface above (Fig. 6.1). The transgressive systems tract follows the lowstand systems 
tract which developed during the greatest relative sea level. It is characterised by coastal 
onlap of the transgressive or first marine flooding surface, which developed on top of 
lowstand or shelf-margin tracts. Increasing the rate of relative sea-level rise will increase 
the accommodation space and then increase the retogradational-aggradational 
parasequence facies of fine-grained sediments. Transgressive tracts are usually upwards 
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thinning parasequence sets deposited under periodically deepening water, retreating 
shorelines and reduction in sediment input. 
The maximum flooding surface is commonly defined as the upper boundary of the 
transgressive systems tract, which is typically associated with a condensed section. At the 
maximum rate of relative sea level rise, transgressive tracts are progressively overlapped 
by an extensive blanket of hemipelagic sediments, which extend onto the shelves from 
deep in the basin. This sediment is known as a "marine-condensed section". The marine-
condensed sections are characterised by low sedimentation rates and contain rich 
palaeofaunas and floras. 
6.7.4 Highstand systems tract 
The highstand systems tract follows the transgressive systems tract, which 
developed during a highstand of sea level and end before the start of the next relative 
cycle of sea level. Its base is defined by a maximum flooding surface and its top by a 
Type 1 or 2 sequence boundary (Fig. 6.1). Highstand systems tract deposition occurs 
during the late part of a eustatic rise, during a stillstand, or in the early part of a eustatic 
fall. Vail (1987) suggested that the highstand systems tract is deposited during 
progradation when rising relative sea level slows, allowing an adequate sediment supply 
to initiate regressive deposition. Typically, this system is characterised by an upward and 
outward building prograding stratal pattern. It is characterised by one or more 
aggradational parasequence facies that are finished by one or more progradational 
parasequence facies with prograding clinoform geometries. 
6.8 Carbonate depositional system 
Carbonate rocks are normally generated in-situ, except for turbidites and carbonate 
mass flows. The carbonate sediments are mainly autochthonous, whereas clastic 
sediments are totally allochthonous. The source of the sediment supply to a basin, 
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whether it be from erosion of pre-existing strata as clastic sediments, or from biogenic 
production as carbonates, has a major affect on the resulting stratal pattern. This because 
the two processes respond quite differently to changes in relative sea level (e.g. Read, 
1982; Sarg, 1988; Tucker, 1991; Burchette & Wright, 1992; Handford & Locks, 1993; 
Hunt & Tucker, 1995). In contrast to terrigenous margins, the stratigraphic response of 
carbonate platforms to relative sea-level changes is affected by carbonate productivity, 
dissolution, and diagenetic processes (Fig. 6.5). It is clear from the evidence presented in 
this study later that, in response to limited terrigenous elastic sediment supply and 
relatively uniform subsidence rates, the eastern Sirte Basin margin was the site of a 
variety of constructive carbonate facies. 
However, carbonate depositional systems exhibit distinctive patterns that often 
develop as a result of erosion and deposition in carbonate environments. Autochthonous 
wedges and allochthonous debris are the main types of sedimentation in carbonate 
platform areas. The autochthonous wedges consist of shallow-water deposits formed in-
situ on the slope, and allochthonous debris consist of sediments redeposited from the 
platform. Carbonate depositional systems exhibit widely variable slope shapes, ranging 
form near vertical escarpments to platforms with little relief and show correspondingly 
variable responses to relative sea level changes (Fig. 6.6). 
6.8.1 Carbonate platform types 
Read (1982) classified the carbonate platforms of extentional margins into two 
basic categories: carbonate ramps and rimmed carbonate shelves. Five types of carbonate 
platforms are recognised by Tucker (1990): rimmed shelf, ramp, epeiric platform, isolated 
platform and drowned platform. Carbonate ramps are characterised by gentle slopes 
leading from shallow water facies to deeper water low energy deposits, and rimmed 
carbonate shelves by marked platform-to-basin transitions characterised by carbonate 
slope environments. 
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Fig. 6.6. Schematic profiles of (A) a rimmed shelf and (B) a ramp showing the effects of minor 
changes in relative sea level. Note how even a small relative sea-level fall may expose the whole 
surface of a flat-topped rimmed shelf and restrict lowstand carbonate sedimentation to a narrow 
rim along the old platform slope unless the lower slope and basin enter the photic zone. On a ramp, 
facies belts will shift basinward over the ramp surface without significant interruption producing a 
"lowstand prograding wedge" (after Burchette & Wright, 1992). 
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6.8.1.1 Carbonate ramps 
Carbonate ramps most commonly occur where subsidence is flexural and slow over 
large areas in cratonic-interior basins or passive continental margins. After the 
elimination of syn-rift relief at passive continental margins large areas over the old rift 
shoulders are formed with very gradual slopes which favour the development of carbonate 
ramps or low-gradient rimmed shelves (Burchette & Wright, 1992). A carbonate ramp is 
a gently sloping surface of gradient less than 10  characterised by no major break in slope. 
Burchette and Wright (1992) review the major characteristics of carbonate ramp 
depositional systems and discuss likely controls on their development, their tectonic 
setting and sequence stratigraphy and hydrocarbon significance. The ramp depositional 
system is characterised by shallow-water carbonates that pass gradually offshore into 
deeper water and then into basinal sediments. The thickness of the ramp facies is strongly 
controlled by sea level changes and subsidence rates of the platform. At depths of fair-
weather wave base, organic productivity is high and bioclastic limestones will dominate. 
The nearshore sand belt of a ramp commonly consists of skeletal and oolitic grainstone. 
Packstone and wackstone facies will dominate in the areas slightly deeper than storm 
wave-base. On carbonate ramps, major reef developments are rare but small patch reefs 
or reef mounds may be developed. However, organic buildups on ramps are restricted or 
isolated. The isolated buildups may occur when the rate of relative sea-level rise does not 
exceed the sediment production rate of the buildup. 
Carbonate ramps are subdivided on the basis of slope into homoclinal ramps and 
distally steepened ramps (Read, 1982; Tucker, 1990). Homoclinal ramps have relatively 
gentle uniform slopes from shoreline to deep water, whereas the distally-steepened ramps 
are characterised by an offshore slope break between shallow ramp and the basin (Fig. 
6.7). The homoclinal ramps are generally marked by a lack of significant gravity flow 
deposits and slumps in deep-water facies. These ramps may have sand shoal complexes 
that grade without abrupt change in slope into deep-ramp limestone and then into deep 
basin facies. The distally steepened ramps have a significant increase in slope at the 
seaward edge of the deep ramp. These ramp types are commonly characterised by 
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Fig. 607. A block diagrams of (A) homoclinal ramp, and (B) distally steepened ramp 
(after Read, 1982). 
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mixed shoal fades, slope facies contain abundant slumps and debris flow deposits, and 
allochthonous lime sand. The main difference between the distally steepened ramps and 
rimmed shelves is that the break in slope comes in deeper water on the ramps, so that the 
redeposited sediments are composed of outer-ramp and upper-slope sands and muds and 
fine grained clasts. 
Burchette and Wright (1992) subdivided the ramp depositional system into three 
main subdivisions (Fig. 6.8): inner-ramp, mid-ramp and outer-ramp. The inner-ramp is 
the zone located above fair-weather wave base, and is characterised by sand shoals or 
organic barriers and shoreface deposits. Inner-ramp deposits generally are carbonate-
dominated. Minor sea-level changes may affect the inner-ramp environments where 
water is shallow. The mid-ramp is located between fair-weather wave base and normal 
storm wave base, and the sediments show evidence of frequent storm reworking. The 
outer ramp extends from the storm wave base to the basin plain, and the sediments show 
little evidence for direct storm reworking. 
[Constant wave 
agitation of sea 	 Lagoon 
MSL 	





BASIN 	OUTER RAMP 	MID-RAMP 	INNER RAMP 
MSL = mean sea level 
FWWB = fair-weather wave base 
SWB = stormwave base 
Fig. 6.8. The main environmental subdivisions of a 'homoclinal' carbonate ramp 
(redrawn from Burchette & Wright, 1992). 
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6.8.1.2 Carbonate rimmed shelves 
Rimmed shelves are shallow-water platforms characterised by marked increases in 
slope at the shelf edge into deep water. The rimmed shelves are characterised by the 
development of reefs and carbonate bodies along the shelf margin, and the depths are 
shallow adjacent to the shelf-break, even subaerial if islands have formed. There are three 
main types of the rimmed shelf platforms: (i) accretionary, (ii) bypass and (iii) erosional 
(Fig. 6.9). These predominately have slope sands, breccias and turbidites, grading 
seaward into deep-water basin sediments (Fontaine et al., 1987). The rimmed shelves 
commonly have a sort of connected rim or barrier on the shelf margin, which restricts 
water circulation to produce a low-energy lagoon to landward. The shelf margin is 
characterised by a near continuous rim of barrier reefs and/or skeletal-oolitic sand shoals. 
The relief between a rimmed shelf and basin gradually increases due to the higher 
carbonate production at the shelf edge compared to the slope and basin. A well-defined 
clinform bedding may be seen on rimmed shelf platforms, which consist of large-scale 
dipping surfaces, formed largely of the shallow water debris shed off the shelf margin. A 
shelf lagoon will commonly be well developed behind the margin, which consists of 
sediments very much determined by the degree of connection to the open ocean and the 
climate. 
6.8.1.3 Other types of carbonate platforms 
Epeiric Platforms are very extensive, quite flat, cratonic areas covered by a 
shallow sea. These platforms may be bound oceanwards by a margin which has a gentle 
(ramp-like) or steep (shelf-like) slope (Tucker, 1990). 
Isolated Platforms are steep sided, shallow-water platforms surrounded by 
deep water. The facies distribution on these platforms is strongly affected by dominant 
wind and storm directions. 
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Fig. 6.9. Rimmed Carbonate shelf types (A) Accretionary type. (B) Bypass, escarpment type. 
(C) Bypass, gullied-slope type. (D) Erosional rimmed shelf margin (after Read, 1982). 
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(iii) Drowned Platforms are not morphologically distinct from those above, but in 
fact are simply drowned ramps, rimmed shelves, or flat-topped shelves (Read, 1982; 
Tucker & Wright, 1990). These platforms are carbonate platforms, which have been 
subjected to a rapid relative sea level rise. The shallow-water carbonate production rates 
are generally sufficient to keep peace with moderate rates of subsidence and sea level 
rises. However, a carbonate platform may undergo drowning due to a reduction in 
carbonate productivity, and the shallow-water carbonate deposition is unable to keep up 
with even moderate relative sea level rises. On these types of platforms a deep-water 
carbonate facies is deposited over the shallow-water limestones facies. 
6.8.2 Carbonate platforms modification 
One carbonate platform may evolve into another, either through the natural 
processes of carbonate sedimentation or through tectonic effects and sea level changes 
(Burehette & Wright, 1992). The evolution of a homoclinal ramp into a distally 
steepened ramp or rimmed shelf is common in the geological record (Read, 1982; 
Srinivasan & Walker, 1993). Increases in the basinward slope may occur tectonically, due 
to differential subsidence or extensional faulting, or it may occur as a result of differential 
sedimentation between the basin margin and the basin centre. A ramp may develop into a 
rimmed shelf through differential subsidence along a hinge-line. The carbonate ramp may 
evolve into rimmed shelves as a result of high carbonate production on the forming shelf 
edge. A ramp also may develop into a rimmed shelf, through reef growth. With 
drowning, rimmed carbonate shelves may evolve up into ramps (Fig. 6.10). Any of the 
shallow-water carbonate platform types may become drowned through rapid relative sea 
level rise. 
However, modification of the basic platform types is generally the result of 
drowning or emergence. The nature, location and evolution of a platform margin is 
controlled by a complex series of parameters (Gawthorpe, 1986). The most important 
parameters are: (1) preceding topography, (2) tectonic subsidence, (3) sea-level 
fluctuation, (4) rate of carbonate production, (5) rate of terrigenous sedimentation, 
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Fig. 6.10. A. Evolution of a ramp up into a rimmed shelf B. Development of a rimmed shelf 
into a ramp with filling of marginal basin. 
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(6) wave energy and (7) time. The nature of the sediments generated probably also 
influences the platform modification, since mud will build much lower-gradient slopes 
than grainy material. 
6.9. Carbonate sequence stratigraphy 
The Vail (1987) stratigraphic model for depositional sequences is based mainly on 
elastic margins where the majority of sediment is allochthonous (derived from the erosion 
of pre-existing strata). This model may not be totally applicable to carbonate margins, 
where most of the sediment is autochthonous (derived from biogenic or chemical 
activity). The stratigraphic model for the elastic depositional system has been modified 
for the carbonate depositional system by Sarg (1988) (Fig. 6.11). 
However, carbonate platforms reflect different responses to sea-level changes, 
where the carbonate productivity of ramps is different from that of rimmed shelves. 
Carbonate ramps are characterised by low-angle slopes, and they behave differently to 
rimmed shelves during relative sea level changes. There are three main parasequence 
stacking patterns in carbonate systems. 
Aggradational Stacking Pattern. The aggradational parsequence lithofacies 
represents open-marine conditions of deposition. The depositional rate on the mid- to 
outer ramp was probably about equivalent to the increase in sediment accommodation 
space in the aggradational parasequence set. 	- 
Retogradational Stacking Pattern. The retogradational parsequence set is 
caused by migration of deep-water environments landward, and characterised by a high 
amount of terrigenous clay carbonate mud. The deepening of facies may be attributed to 
an increase in the rate of sea level rise, and decrease in carbonate productivity. 
Progradational Stacking Pattern. The progradational parasequence set 
consists mainly of oolitic limestones, deposited during a period of decreasing 
accommodation space. The progradational lithologies are characterised the shallow 
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Four system tracts can be identified in the carbonate depositional system, which 
consist of parasequence sets. These system tracts are lowstand, shelf-margin, 
transgression and highstand systems tracts. 
6.9.1 Carbonate lowstand systems tract 
The lowstand systems tract is developed on a Type 1 sequence boundary (Fig. 6.11). 
The response of carbonate ramps to relative sea-level fall depends on the rate and 
magnitude of the fall, the duration of the lowstand, and the accommodation space 
remaining within the basin (Burchette & Wright, 1992). In the carbonate depositional 
system, the relative sea-level change is a major control on sediment production. When 
sea level has dropped below the shelf margin, the platform is subaerially exposed and 
unable to produce sediment, and the carbonate productivity is restricted to the slope 
immediately seaward of the shelf margin. 
According to the stratigraphic models of Sarg (1988) and Hunt and Tucker (1995), 
carbonate sediment should prograde farthest into the basin during a relative sea level fall. 
In general the lowstand prograding complex consists of thick prograding sediments with 
facies changes from coarse shallow-water grainstones to slope mudstones. Lowstand 
wedges onlap the exposed shelf and their patterns indicate how sedimentation fills the 
new accommodation space added by rising sea level. Shallower water and coarse-grained 
sedimentation clearly exceeds new space added in open basins where the biogenic 
productivity is normally higher. Relative sea-level lowstands may lead to the deposition 
of evaporites in the case of restricted basins. The deposition of evaporite within the shelf-
margin carbonate wedge is usually dependent upon climate and restriction. The marginal 
carbonates may be extensively dolomitized during the lowstand conditions (Tucker, 
1991). 
During the lowstand situation, a limited amount of carbonate sediment is shed to the 
deep sea because subtidal exposure causes meteoric cementation and dissolution of the 
shallow-water carbonate platform (Kendall & Schlager, 1981). During this stage, the 
carbonate ramp is characterised by exposure surfaces in proximal zones and shoreline 
207 
sands in more distal zones. The carbonate ramp has no marked break in slope, and the 
water depth is partially identical regardless of sea-level position. However, major 
exposure and flooding surfaces on ramps are generally diachronous due to the presence of 
a gentle depositional slope and the absence of a slope break. Because of the low slope 
angle, there may be little change in the character of ramp sediments between highstand 
and lowstand systems tracts. Therefore, it is difficult to distinguish between shoreface or 
shoal sediments of the highstand systems tract and subsequent lowstand system tracts 
deposits, without indications of exposure, characterised by palaeokarst, palaeosols, or 
dissolution. 
6.9.2 Carbonate shelf-margin systems tract 
The shelf-margin systems tract is the lowermost systems tract developed on a Type 
2 sequence boundary (Fig. 6.11). The lower boundary of this systems tract is a 
conformable sequence boundary. This boundary becomes unconformable landward where 
it pinches out. In this depositional setting the shoreline migrates towards the shelf edge 
and the sequence begins with a shelf margin wedge developed during the sea-level 
lowstand (Sarg, 1988; Hunt & Tucker, 1992). Shallow water carbonates may be 
developed on the shelf to form an autochthonous lowstand wedge. 
6.9.3 Carbonates transgressive systems tract 
The transgressive systems tract is deposited during increasing rise of relative sea - 
level (Fig. 6.11). Generally, during the transgression, carbonate sedimentation initiates in 
restricted environments followed by more open marine facies. The transgressive systems 
tract in carbonate platforms shows a strong landward shift of the shorelines and may be 
capped by thin condensed sections. In high-energy environments, the transgressive 
system tract within a long-term relative sea-level rise is characterised by stacked and 
onlapping of retrograding parasequence sets consisting of shoreface and transitional 
sediments. The transgressive systems tract in low-energy environments commonly 
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consists of packstone and wackestone sediments. Evaporites may also be deposited 
during the early stages of the succeeding transgressive systems tract, when the basin is 
reconnected to the world ocean (Tucker, 1991). 
The transgression conditions can be divided into three phases: (1) start-up phase, 
when carbonate accumulation is less than the rate of relative sea level rise; (2) catch-up 
phase, when carbonate accumulation exceeds the rate of sea level rise; (3) keep-up phase, 
when accumulation closely matches the rate of rise and the platform remains at or very 
close to sea level. However, the transgressive system tracts are characterised by very 
condensed and organic-matter rich sediments, particularly basinward. During a relative 
sea level rise the sediment is trapped in shallow embayments and on the platform, starving 
the basins of sediment and resulting in a condensed interval within the basin (Tucker, 
1991). 
The latest stage of the transgressive phase is characterised by low carbonate 
productivity, and carbonates cannot generate fast enough to fill all the accommodation 
space being created. Therefore the facies are backstepping, and thin upward to a surface 
of drowning (drowning unconformity), which coincides with the maximum flooding 
surface at the top of the late transgressive systems tract. In humid carbonate platforms, 
the development of carbonate transgressive systems tracts commonly begins with the 
flooding of an eroded karst lowstand surface, and the karst negative features may fill with 
marine carbonate sediments. The sequence boundaries at the bases of the transgressive 
systems tracts often contain karst features. 
6.9.4 Carbonate highstand systems tract 
The highstand systems tract overlies a maximum flooding surface, and is topped by 
a regressive surface of erosion or a sequence boundary (Fig. 6.11). It commonly 
downlaps on to marine-condensed sections and is bounded at the top by either a Type 1 or 
2 sequence boundary. The highstand conditions in carbonate depositional systems are 
commonly characterised by high rates of autochthonous sediment production and 
accumulation. The biogenic carbonate production during a relative sea level rise 
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increases sediment supply. High rates of carbonate production during the highstand 
systems tract can lead to rapid shelf-margin progradation. However, sediment 
progradation rates vary depending on paleobathymetry, energy environment, depositional 
processes, and the rates of sediment production and accumulation. 
During highstand systems tract deposition, shallow-marine sedimentation rates are 
commonly greater than subsidence and the eustatic rise, thus leading to deposition of 
aggradational or progradational parasequence sets (Sarg, 1988; Tucker, 1991). These 
sediments include muddy and sandy shoreface deposits, platform-interior patch reefs and 
grainy shoals, shelf-edge reefs and shoals, and basin-margin and slope facies. The 
possibility for clinoforming is greater at the highstand stage in ramp sequence 
development, since sediment production must infill accommodation space created during 
the transgressive and early highstand systems tracts. During the decline in the rate of 
accommodation, regressive conditions occur and assist the development of prograding 
clinforms, which downlap a surface of maximum flooding. 
In the presence of topographically high features such as beach-dune complexes, 
which can form effective barriers to disconnect the shelf from open-marine environments, 
evaporite sedimentation may be developed. During the late highstand, when carbonate 
progradation is at a peak, evaporites may be deposited on the inner part of the platforms 
(Tucker, 1991). The highstand system tracts may show a shallowing, coarsening and 
thickening-upwards succession capped by karstic or palacosol surfaces indicative of the 
upper sequence boundary. The late highstand systems tract is followed by a relative sea-
level fall, which completely exposes the carbonate platforms, and generates a sequence 
boundary. During subsequent Type 1 or 2 falls of relative sea level, subaerial exposure 
provides the environment for dissolution, fracturing and dolomitization. 
6.10 Lowstand karstification 
Karst is surface relief where surface and underground hydrological networks 
resulting from water circulation aggressively dissolve rocks, such as limestone and 
dolomite as well as gypsum and salt. Limestones are characterised by more distinctive 
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relief features than any other type of rocks, primarily as the result of the jointing of the 
rock, its permeability and its solubility in water containing carbon dioxide. 
Karstification results from physical and chemical water action on the dissolution 
and transportation of elements from the rocks (Fig. 6.12). The main factors significantly 
affecting the karstification process are the chemical composition of water, the velocity of 
water circulation and the climate in general (Bogli, 1980; Esteban & Klappa, 1983; 
Bonacci, 1987). The development of karst depends in particular on the availability of 
water and CO2, abundant precipitation, and also on matrix porosity and permeability of 
the host carbonate rock. An essential for its action is that the water table must be well 
below the surface to allow water to penetrate continually downwards through the rock. 
The formation of well-developed karst may require a number of control conditions such 
as: (a) a large area of limestone, (b) considerable thickness of well bedded and well 
jointed carbonate rocks, and (c) great enough height of the area above sea level or above 
the level of through-flowing rivers for a full circulation of underground water to develop. 
Karstification is an important process in modifying limestone terrains, which 
involves the enlarging of fractures, joints and faults by dissolution. Karst landscapes are 
characterised by the predominance of negative relief features that generally appear as 
small dolines, or broad uvula, dishlike depressions on the limestones surface. Closed 
depressions in karst are created by karst processes, whether directly by corrosion or 
indirectly by subsidence and collapse into underground cavities created by dissolution. 
These depressions range from a few meters to kilometres in width. 
Karst development is significant in humid climates and can affect large areas of a 
subaerially exposed carbonate platform. The common karst-formed features include terra 
rossa palaeosols, cave fills and brecciated cave roofs. Karstification may be developed in 
all portions of a platform which have been subaerially exposed and penetrated by meteoric 
water. When the relative sea level falls below the shelf edge in the lowstand condition, 
subaerially exposed carbonate shelves are weathered by dissolution. During lowstands, 














Fig. 6.12. Schematic diagram illustrating the karst cycle of erosion. The depth and size of the 
solution holes is greatly exaggerated in relation to the thickness of the limestone. 
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accelerated rate of solution. Strata in karst are commonly truncated at the margins of 
solution depressions. These depressions are usually onlapped by lowstand fluvial 
deposits and transgressive marine deposits. Karstification creates distinctive 
dissolutionally modified carbonate terrain along sequence boundaries. From an 
exploration point of view, karst carbonate platforms, by their mode of formation, 
generally indicate the development of substantial amounts of secondary porosity. In the 
Agdabia Trough and Soluq Depression large-scale karstification results in negative relief 
and has been identified within carbonate rocks at the top of the Palaeocene sequence. 
6.11 Carbonate sequence boundaries 
On ramp platforms, unconformities are difficult to recognise where both overlying 
and underlying strata are apparently concordant to the unconformity (Fig. 6.11). 
However, in the carbonate depositional system, the sequence boundaries are commonly 
characterised by abrupt upward facies changes from inner-ramp shoreline carbonates to 
outer-ramp lime mudstones which then shoal upwards, as a result of progradation, to the 
next inner-ramp unit. These boundaries usually represent a significant change in the 
pattern of sedimentation. 
The sequence boundary is commonly associated with drowning and downlap of 
buildups across the shelf. The drowning unconformity (Schager, 1991; Erlich et al., 
1990) can be recognised by an abrupt shift in facies where deep-water shale is superposed 
upon shallow platform limestone. Shallow-water carbonate deposition is terminated by a 
drowning unconformity, and then onlapped by deep water sediments. The drowning 
unconformity may be interpreted as a condensed section or a marine flooding surface. 
A Type 1 sequence boundary in a carbonate basin is characterised by exposure of 
the previously deposited highstand carbonates to meteoric waters, with the resulting 
lenses of fresh water moving across the shelf during falling sea-level (Sarg, 1988). 
Rimmed carbonate shelves are characterised by very shallow-water depths on their 
margins. Therefore, moderate 3 d-order sea-level falls may expose these margins in the 
rimmed shelf platforms and Type 1 sequences are developed. However, the appearance of 
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distinctive lithologies such as palaeosols and karst features such as dolines and collapse 
breccias on the shelf may help in identification of sequence boundaries in carbonate 
systems. 
6.12 Seismic fades analysis 
One of the most important goals of seismic stratigraphy is to recognise and analyse 
seismic facies with regard to the geological environment. A seismic facies can be defined 
by the external geometry of a group of similar reflections. Seismic facies analysis is the 
analysis of seismic reflection configurations and other seismic parameters within the 
seismic sequence correlation framework (Mitchum et al., 1977). The main seismic facies 
parameters used in geological interpretation are: reflection configuration, continuity, 
amplitude and frequency, external form, areal association and interval velocity. 
Amplitude and polarity of the reflection are dependent on the reflection coefficient 
between the underling and overlying rocks, and may vary along the length of the surface. 
The amplitude of the reflections is principally controlled by the magnitude of the acoustic 
impedance contrast along stratal surfaces. Interval velocity contributes information on 
lithology, porosity and fluid composition (see Chapters 4 & 5 for more details). The 
continuity of a seismic reflection depends on the continuity of acoustic impedance 
contrast along the stratal surfaces, where the continuity of the bedding is related to 
depositional environment. Continuous seismic reflectors with uniform amplitude and 
frequency are generated from rock layers that are uniform in thickness and lithology, 
which indicates deposition during low energy conditions. In contrast, discontinuous 
seismic reflectivity with high amplitudes commonly indicates rocks that were deposited 
under high energy conditions. 
However, seismic facies contains lithological and stratification expression of the 
deposits that generate the seismic reflection in the unit. Lateral variation in the seismic 
reflection character may be used to predict facies changes. The seismic reflection 
configuration may change laterally within the sequence and is commonly used in 
214 
interpretation of environmental setting and depositional process and in estimation of gross 
lithology within the rock unit. Seismic facies analysis facilitates the interpretation of 
carbonate depositional environments. The relationships between seismic facies and 
carbonate depositional environments are summarised in Fig. 6.13. 
In fact, lithofacies and rock types cannot be determined directly from the geometry 
of reflection correlation patterns alone and require well information. The prediction of 
lithological composition is based on a combination of parameters that are interpreted in 
terms of overall depositional setting and potential energy of the depositional medium. 
The seismic facies are interpreted by the relation of reflection terminations at lower and 
upper sequence boundaries and by the reflection configurations within them. Figs. 6.14 
and 6.15 illustrate the terminologies used to describe the geometries of seismic reflection 
terminations that define the sequence boundaries and internal configurations respectively. 
Baselap is the termination of the strata against the lower boundary of a sequence, 
and is considered as an indication of a non-depositional break (hiatus). There are two 
types of baselap: onlap and downlap. 
Onlap is a baselap in which initially horizontal or nearly horizontal strata lapout 
against an inclined surface. It generally indicates a sea-level rise, and is confined to 
sedimentary facies in the proximity of the source of sediment. The onlap can be divided 
into coastal onlap and marine onlap. The coastal onlap termination may occur in 
response to shallow coastal facies deposited when sea level rise and I or basin subsidence 
shifted the nearshore coastal environments progressively landward. The marine onlap 
termination may occur in response to deep-water facies deposited beyond a shelf-edge 
(Vail etal., 1977). It is usually characterised by reflection termination against the sides of 
the basin floor depression, against the walls of eroded canyons and tongues, and landward 
against eroded slope clinforms. Waifs a' al. (1982) argued that the changes in flexural 
rigidity of the basin may result in onlap of the basin flanks that is tectonically, not 
eustatically induced. 
Downiap is baselap in which initially inclined strata lapout against a horizontal or 
nearly horizontal surface. 
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Fig. 6.13. Seismic facies of carbonate depositional environments (after Fontaine et at, 1987). 
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Fig.6. 15. Common seismic reflection configurations (after Mitchum et at, 1977). 
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Toplap is termination of initially dipping strata at the upper boundary of the 
depositional sequence. 
Truncation The truncation may be erosional when strata are terminated by an 
erosion surface, or structural when the strata are terminated against a structural feature 
such as a fault, salt body or igneous intrusion. 
Concordance is a configuration in which the seismic reflectors below and above 
the boundary are parallel. This configuration is usually produced by uniform 
sedimentation in a low-energy environment. 
The main progradational configurations are oblique and sigmoidal (Mitchum et al., 
1977). 
Oblique is a prograditional seismic configuration marked by toplap termination of 
clinoform reflections. Base downlap termination may vary from high angle to tangent. 
These are related to areas with sedimentation rates higher than the rate of sea level rise 
and are generally correlational with seaward progradation of the coast. The oblique 
progradational configuration is commonly associated with delta systems as a result of 
high-energy deposition (Vail etal., 1977). 
Sigmoidal is a prograditional seismic configuration without toplap termination and 
reflectors may be followed updip from the base into divergent reflectors. Relatively 
higher reflection continuity and amplitude usually characterises the sigmoidal facies. The 
sigmoidal seismic faeies are commonly deposited during progradation of a shelf or 
platform edge and result from low energy deposition (Vail et al., 1977). 
Mounded / Draped configuration is a reflection configuration which occurs in 
response to facies deposited within two distinctive depositional environments (Fig. 6.16). 
Mounded configurations commonly correspond to carbonate buildups such as shelf-edge 
reefs or banks, and later strata may drape the mounds. 
6.13 Summary 
From the review of the sequence stratigraphy in this chapter it can be seen that the 
rock record is divisable into distinctive stratigraphic units in which the strata are 
genetically related and which are bounded by unconformities. A sequence is built of 
218 
FAN COMPLEX SIMPLE 
	









Map with vpineitv gqo 
	
Homtweneous with diffractions 
Fig. 6.16. Some mounded seismic facies units (after Mitchum et at, 1977). 
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parasequences that stack to form systems tracts, which are defining the various stages of 
sequence development. Relative sea-level is the main control of stratal geometries, and it 
is the major controlling factor creating the boundaries between depositional sequences. 
Tectonic factors have the highest effect on accommodation space for sediments, and also 
contribute to the type and amount of sediment when combined with climate. 
The principle of seismic stratigraphy is that regionally continuous primary seismic 
reflections are chronostratigraphic in nature, following bedding or time planes rather than 
gross lithostratigraphic boundaries. The recognition of seismic surfaces is the main step 
in dividing the seismic section up into packages that correspond to periods of time. 
Seismic reflectors provide a means by which depositional sequences may be recognised 
and defined. The seismic sequences are simply reflector packages bounded by seismic 
surfaces and are interpreted to represent a characteristic period of deposition. 
Unconformities and other significant surfaces are recognised by discordant relationships 
between seismic reflectors (discontinuous or terminations) and these serve to define 
seismic sequences. Within the seismic sequences, the attributes of seismic facies can be 
directly interpreted in terms of likely lithologies and depositional environment. 
Therefore, the application of seismic stratigraphy will provide a powerful tool in 
analysing sedimentary basins, particularly in cases like the Agdabia Trough and Soluq 
Depression, with sparse well data and insufficient palacontological control. 
As carbonate depositional systems differ from those of siliciclastics and because the 
Agdabia Trough and Soluq Depression form a carbonate platform margin it was 
instructive to examine this system in more detail. Sea level is a major contributor to the 
vertical and lateral stacking arrangement in siliciclastic and carbonate depositional 
systems, but there are fundamental differences between the ways in which the two 
systems respond to sea level changes. In carbonate systems, the sediment supply is 
created in-situ, and the sea level fluctuations determine the health and existence of the 
'carbonate factory' and hence the amounts of sediment supply. Other factors, such as 
climate, water inflow, salinity are major influences that result in carbonate systems 
responding differently to sea level fluctuations compared with siliciclastic depositional 
systems. 
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Because of their unique sedimentologic and mineralogic characteristics, carbonate 
rocks are more difficult to study using seismic data. The application of sequence 
stratigraphy to the subsurface has been more problematic due to poor seismic resolution in 
carbonates and diagenetic alteration. In carbonate systems the term unconformity is not 
necessarily associated with the subaerial unconfonnities associated with siliciclastics, and 
this is because some of the major unconformities associated with carbonate platforms are 
those related to platform drowning. On carbonate platforms, unconformities are usually 
difficult to identify where both overlying and underlying strata are apparently concordant 
to the unconformity. In the carbonate depositional system, the sequence boundaries are 
commonly stratigraphically transitional rather than sharp erosional surfaces and known as 
Type 2 sequence boundaries. 
The small thickness of carbonate sequences and their subdued morphologies restrict 
seismic stratigraphic and seismic facies interpretations of many carbonate platforms. 
Individual prograding units are mostly below vertical seismic resolution and reflector 
amplitudes may decrease basinwards if lithologies become shalier. Many picked 
sequence boundaries from the seismic data are not clear on the well data, and the seismic 
data may show unconformities that correspond to transitional boundaries in the well. The 
limited resolution of the seismic tool may represent the thin condensed interval as a lap-
out surface. For these reasons, high-quality seismic data are essential for their effective 
analysis. 
Sequence boundaries in carbonate depositional systems are commonly identified by 
a subaerial exposure which will be seen as karst features consisting of dissolution surfaces 
or by downward shift of the shelf-slope break. The karst areas generally do not have a 
distinct seismic facies pattern, and on two-dimensional seismic sections, karst areas are 
commonly difficult to distinguish from compact limestone. However, the development of 
karst topography can be identified on seismic sections by recognising erosional 
truncation, and structural highs onlapped by overlying sediments. 
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CHAPTER 7 
Seismic and Sequence Stratigraphy of the 
Agdabia Trough and Soluq Depression 
7.1 Introduction 
Seismic stratigraphic interpretation in the Agdabia Trough and Soluq Depression has 
an importance for rift basin margins, and provides an opportunity to examine deposition 
and stratigraphy of a carbonate platform on the southern margin of the Mediterranean 
basin in particular. The evaluation of palaeogeography and geological history is also an 
important step for the development of future exploration targets in the area. Carbonate 
platforms and their associated sediments may form prolific petroleum source and 
reservoir systems and offer a range of subtle stratigraphic play types and lateral facies 
variations. 
The area of study, located northeast of the Side Basin and west of the Cyrenaica 
Platform (Fig. 1.1), contains thick carbonate sediments of Upper Cretaceous and Tertiary 
ages. During the Late Cretaceous and Tertiary, the area was located on a broad 
differentiated carbonate platform (see section 6.8) that bordered the northern (Tethyan) 
margin of the African continent. In response to limited terrigenous clastic sediment 
supply and relatively uniform subsidence rates, the area was the site of a variety of 
constructive carbonate facies. The stratal relations and lithofacies preserved in the 
stratigraphic record document the complex interaction of tectonic uplift and subsidence, 
eustatic sea-level changes, sediment supply, and climate as envisaged by Vail (1987). 
However, the deposition in the Agdabia Trough and Soluq Depression may be extensively 
influenced by the tectonic zone that runs northwest-southeast along the northeastern 
margin of the Side Basin. The structural interpretation in Chapter 3, attributes the 
tectonic zone to normal faulting and the development of the Side Basin in the Late 
Cretaceous. 
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In this chapter, the seismic and sequence stratigraphic methods described in Chapter 
6 are applied to the Tertiary sedimentary succession in the Agdabia Trough and Soluq 
Depression. The available seismic and well data from these areas enables seismic facies 
analysis and the application of sequence stratigraphic concepts. The stratigraphic 
interpretation approach in this study integrates well logs and seismic reflections to 
interpret lithofacies, and subsequently the depositional system. A large number of seismic 
profiles have been analysed to delineate chronostratigraphic units, and to infer the 
different types of palaeoenvironments under which these units were deposited. About 
1,800 km of seismic reflection data tied to ten wells have been used (Fig. 7.1). 
Eight Tertiary sequences have been identified and mapped in the region. The 
boundaries between these sequences were picked on the seismic profiles from regional 
discordant relationships such as onlap, downlap, toplap and erosional truncation. An 
isopach map is used to describe the shape of each depositional unit. These maps have 
been used to predict facies and depositional environments, and to make palaeostructural 
reconstructions. From this interpretation, a regional, basinwide time-stratigraphic 
framework was made for the eastern Sirte Basin and Soluq Depression. 
7.2 Identification of sequence boundaries 
Subaerial exposure with a significant hiatus and/or erosional truncation characterises 
the typical sequence boundary defined by Van Wagoner et aL (1988). Unfortunately, 
because there are no detailed chronostratigraphic subdivisions in the region of the study, 
it is very difficult to determine precisely the genetic surfaces of the unconformities on the 
basis of age correlations. Moreover, in some areas, I recognise no clear indication for 
major erosional truncation separating some sequences that may have been the result of 
long-term subaerial exposure and basinward shifts of microfacies. Such boundaries may 
have developed during short-lived periods with not enough time to cause large scale 
subaerial features. Also, perhaps after the subaerial exposure of the marine rocks by a fall 
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Fig. 7.1. Seismic reflection profiles and well locations in study area. 
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all evidence of exposure developed at the top of the sequences has been eroded away 
(Walker, 1990; Walker & Byles, 1991) 
The depositional sequence boundaries were identified by erosional and lapout 
surfaces best observed on seismic profiles oriented parallel to depositional dip. Many of 
the picked sequence boundaries were not seen in the well data. In fact, the seismic image 
may show uncoriformities that correspond to transitional boundaries in the well. In some 
cases the seismic unconformities occur where time lines converge into intervals of 
continuous, but very slow sedimentation (condensed sequences). The limited resolution 
of the seismic tool may represent this thin interval as a lap-out surface (Schlager, 1993; 
Cartwright et al., 1993). In other cases, the seismic unconformity is a pseudo-
unconformity, where a rapid facies change occurs in each bed at a similar position and the 
seismic tool merges these points of change into one reflection. Without seismic 
modelling in all such instances an interpretation will remain as such, an interpretation. 
• Many of the sequence boundaries within the Tertiary succession in the eastern Sirte 
Basin and western Cyrenaica Platform are stratigraphically transitional rather than sharp 
erosional surfaces. These transitional boundaries have been described by Goldhammer et 
al. (1993) as Type 2 sequence boundaries. Therefore, the sequence boundaries separating 
many depositional sequences are interpreted to be Type 2 sequence boundaries. These 
sequences developed when the rate of eustatic sea-level fall was not sufficient to drop 
below the shelf margin. However, on the platform, unconformities are difficult to 
recognise where both overlying and underlying strata are apparently concordant to the 
unconformity. In the carbonate sequence stratigraphic models of Elrick and Read (1991) 
the durations of the sequence-bounding unconformities are greatest along the inner ramp, 
decreasing to conformable boundaries along the ramp-slope. 
The boundaries between the sequences have been dated by tying them to available 
wells (Fig. 7.2). The location map of these wells is shown in Fig. 7.1. The dating of the 
sequence boundaries was taken from composite well logs and internal well reports. A 
number of wells have been drilled in the area on subsurface structure highs. The deepest 
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Fig. 7.2a. Lithology and wireline logs from well Al -NC 129, show the candidate 
sequence boundaries and flooding surfaces. 
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well (well 11-41) penetrated more than 4260 m(--14000 ft) of Upper Cretaceous and 
Tertiary sediments, not reaching the basement. Correlation of the sequence boundaries 
throughout the basin on the seismic data provides a stratigraphic framework for the 
sedimentary succession. A structure contour map and an isochron map for each 
depositional sequence, were constructed in Chapter 3. In this chapter, isopach maps are 
made to infer areal distribution and possible sediment provenance of each sequence and 
then interpreted in conjunction with the seismic facies analysis. 
The stratigraphic analysis of the seismic sections within the Upper Cretaceous 
succession and deeper strata were excluded from the interpretation because of the poor 
quality data. The Tertiary succession in the region of study has been sub-divided into 
eight seismic stratigraphic sequences. These were from lowermost to uppermost: the 
Palaeocene sequence, the Lower Eocene sequence I, the Lower Eocene sequence II, the 
Middle Eocene sequence, the Upper Eocene sequence, the Lower Oligocene sequence, the 
Upper Oligocene sequence, the Middle Miocene sequence (Fig 3.2). 
7.3 The Palaeocene sequence 
(i) Areal Distribution: The Palaeocene sequence is regionally traceable in the whole 
Sirte Basin. In this interpretation, the Palaeocene sequence is the deepest sequence has 
been analysed. The isopach map of the sequence is shown in Fig.7.3. This map generally 
represents very significant lateral change in the thickness of the sequence. It is thin in the 
southeast part, and thickens around the edges of this area. The maximum thickness of the 
sequence is 1200 in (3937 ft.), which is encountered in the area to the west of the paleo-
shelf margin. The isopach map shows a significant thinning of the sequence in the area 
around well M1-41, which represent the minimum thickness of about 100 in (328 ft.). 
Possibly pre-existing topography in this area may be responsible for this significant 
decrease in sequence thickness. 
ii) Bottom and Top Boundaries: The lower boundary of the Palaeocene sequence 
cannot be followed easily throughout the study area due to the relatively low seismic 
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reflection quality associated with this boundary and the discontinuity related to structural 
disturbances where a large number of faults clearly dissect the sequence. The lateral 
continuity of this reflector is poor on the platform, while on the slope the reflector is 
relatively much stronger. Despite the fact that the seismic stratigraphy is very uniform at 
this level, the seismic reflections in the southwestern part of the area indicate 
predominantly erosional truncation of the underlying strata at the lower sequence 
boundary. The Upper boundary of the sequence is well developed throughout the area. 
This boundary is characterised by an unconformity with erosional truncation of underlying 
strata. 
NO Internal Seismic Character: The sediments of the Palaeocene sequence have a 
prominent progradatiori pattern, terminated by erosional truncation at the top boundary, 
and the internal configuration is characterised by variable-amplitude and variable-
continuity. The internal seismic reflection within the sequence is characterised by subtle 
truncation below and slight oniap toward the Cyrenaica Platform in the most parts of the 
area. 
At the extreme southwestern part of the area (slopewards), downlapping reflection 
patterns in the sequence are recognised. A set of high amplitude, mounded structures 
occurs basinwards (southwestwards) (Fig. 7.4) which show typical downlapping reflectors 
onto the basal sequence boundary. The reflectors within these mounded structures are 
relatively high amplitude and variable continuity. The downlapping units are prograding 
from fault scarps throughout the basin. The overall unit is wedge-shaped, generally 150 
ms at its thickest part and up to 10 km in length. Hummocky clinoform reflectors, 
characterised by discontinuous high amplitude reflectors, occur within these mounds. This 
unit may be interpreted as high-energy mass flow deposits, which became detached from 
the basin margin by movement on the basin bounding faults. However, the wedge-shaped 
external geometry of the unit, as well as the hummocky internal seismic configuration 
does not support this interpretation. Fontaine et al. (1987) suggested mass flows are 
characterised by chaotic reflections interposed between the parallel continuous reflections 
of pelagic deposits. 
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Fig.7.4. a) uninterpreted and b) interpreted line-drawing profile (part of seismic line NC 129 
-87-12) showing the mounded structure (lowstand fan) basinward of the Palaeocene sequence. 
The reflections within the structure are discontinuous downiapping reflectors. The downlapping 
reflector unit is onlapped by later Palaeocene layers. 
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Therefore, this unit is interpreted as submarine fan deposits, which are associated 
with a normal fault and contain downlapping, high to medium amplitude, discontinuous 
reflectors. However, there is no well data to support this seismic interpretation and there 
is no evidence of any canyon feeders to these fans. These fans are suggested as being 
associated with periods of sea-level fall. Such systems have been taken by Mitchum et al. 
(1977) as an indication of lowstand sea level depositional systems. Their mounded 
appearance shows that they were deposited by high depositional energy. These fans may 
have developed during late syn-rift subsidence phases of basin development. In the slope 
area, this unit is onlapped by later Palaeocene layer reflections, which are characterised by 
parallel, continuous, high amplitude reflectors. 
In the platform area, the Palaeocene sequence reflections are generally parallel or 
sub-parallel with variable amplitude and discontinuous reflection configuration. Part of 
seismic reflection line NC129-89-40E, a dip line, clearly shows this lateral type of 
reflectivity in the northern part of the area (Fig. 7.5). In the northern area, the upper 
boundary of the Palaeocene sequence is characterised by a clear unconformity with 
erosional truncation. Large-scale karstification results in negative relief within carbonate 
rocks at this boundary. The karst zones are detected on the seismic sections by 
recognising palaeotopographic highs and features related to possible subaerial exposure 
(Fig. 7.6). 
The common criteria which have been observed on seismic sections on the 
development of karst at the upper Palaeocene boundary are: (1) erosional truncation, (2) 
structural highs onlapped by overlying sediments and (3) abundant irregularities affecting 
the seismic marker (suggesting local collapse features). The isopach map shows a great 
thickness variation of this unit at the most northern part due to these topographic karst 
features. The karst landscape generally appears as a dishlike depression on the upper 
Palaeocene surface. These features may be created by corrosion or by subsidence and 
collapse into underground cavities created by dissolution. The mapped topographic 
depressions are relatively large in size, ranging from two to more than four kilometres in 
width. This karstification is interpreted as occurring during a lowstand of sea level at the 
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Fig.7.5. a) uninterpreted and b) interpreted line-drawing profile (part of seismic line 
NC129-89-40E) showing the internal seismic configuration within the Palaeocene sequence 
in the northeastern part of the area. 
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Fig.7.6. a) uninterpreted and b)interpreted line-drawing profile (part of seismic line NC129-89-56) 
showing large scale karstification results in negative relief within carbonate rocks at the upper 
boundary of the Palaeocene sequence. Clearly seen is onlapping depression-fill characterised by 
reflector terminations against the Palaeocene paleotopography. 
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shelf edge, and the subaerially exposed carbonate shelves have been weathered by 
dissolution. 
Well Data: The whole sequence is penetrated only in three wells in the area Al-
NC129, 11-41 and M1-41). The well data show that dolomite is the predominant 
lithology in the sequence over the investigated area (Fig. 7.2). Limestone and anhydrite 
beds occasionally occur within this sequence. The dolomite is interbedded with some 
intervals of anhydrite in the area of well 11-41. Wireline logs have consistent profiles 
across the interval. Typically the gamma ray and sonic log indicate that the Palaeocene 
sequence is lithologically uniform. A sharp uphole decrease in sonic, and common 
decreases in gamma values mark the upper boundary of the sequence. In 11-41 a sharp 
peak of increasing gamma ray values is noticed within the interval. This peak may define 
a candidate-flooding surface within the sequence. 
Facies Interpretation: The overall picture suggests that the Palaeocene sequence 
is dominated by a regressive trend. The lithologies of dolomites, and some anhydrites, 
suggest deposition in a very shallow, near-shore, restricted-to-lagoonal and supratidal 
environment. The time of dolomitization development on the platform probably reflects 
late highstand-early lowstand of relative sea-level or widespread subaerial exposure of the 
Cyrenaica Platform. During the late highstand, when carbonate progradation is at a peak, 
evaporites may be deposited in the inner part of the platform. This is followed by a 
relative sea-level fall, which completely exposes the carbonate platform and generates a 
sequence boundary in the basin. During the lowstand, the marginal carbonates may be 
extensively dolomitized. The dolomitization is commonly associated with leaching of the 
metastable skeletal grains and generation of moldic, vuggy and intercrystalline porosity. 
This could generate an unconformity, which formed prior to the deposition of Lower 
Eocene sequence I. 
7.3.1 Possible carbonate buildups in the Palaeocene sequence 
The main significant features identified in this seismic stratigraphic analysis are 
isolated mound features within the Palaeocene sequence in the northern shelf area. The 
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regional seismic character is one of high amplitude, concordant, continuous, bedding 
parallel reflectors. However, occasional discrete mounds of more diffuse seismic 
character, have been seen in the extreme northeastern part of the area, in a SW-NE 
trending feature. At approximately shotpoint 1490 on line NC129-89-56, a large 
mounded structure of about 5 km width is seen (Fig. 7.7). It is more than 200 ms thick 
and is composed of discontinuous, chaotic reflectors. Evidence for similar mound 
characters exist at the northeastern part of the study area. The isolated mounds are draped 
and onlapped by later Palaeocene sediments. 
These mound features may point to discrete organic buildups or grainstone shoals. 
The reefal construction is characterised seismically by a mound shape and onlap of 
surrounding reflections (see Chapter 6). Bubb and Hatlelid (1977) proposed specific 
criteria for recognising the buildups: the boundary outline, which includes the reflection 
configuration and onlap of overlying reflections, as well as seismic facies changes 
defining the buildup. The observed mounds in the Palaeocene sequence are interpreted as 
carbonate buildups which are usually mound-shaped biogenic deposits that display 
marginal onlapping reflections, whereas the overlying reflections drape the reefs, and the 
underlying reflections exhibit pull-down effect. This pattern may indicate growth of 
carbonate buildup during early Palaeocene time. Further evidence for such features 
already exists on the Amal Platform (the southeastern margin of the Sirte Basin), where 
similar buildups have been interpreted within the Palaeocene section (Sola & Ozcicek, 
1990). 
7.4 The Lower Eocene sequence I 
(i) Areal Distribution: An isopach map of Lower Eocene sequences I and II is 
shown in Fig. 7.8. Lateral variation in thickness of the sequences is observed in this map, 
with generally increasing sequence thickness basinwards. Thicknesses of 200 to 300 in 
(656 to 984 ft.) are the most dominant range in the northeastern shelf area. However, the 
most significant thing to notice is the marked thinning of the succession around the area 
of well 11-41. The area at the southwestern corner shows some oval closing contours with 
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Fig.7.7. a) uninterpreted and b) interpreted line-drawing profile (part of seismic line 
NC 129-89-56) showing possible carbonate buildup (mound) in the Palaeocene sequence. 
Clearly seen drape occurs in reflections overlying the buildup; onlap of overlying reflections 
onto buildup; seismic facies change between the buildup and enclosing strata; abrupt change in 
dip of reflectors and pull-up in time due to velocity anomalies "eye effect" pattern which 
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Fig. 7.. Isopach map of the Lower Eocene sequences (includes Lower Eocene 
sequence I and Lower Eocene sequence II). Contour interval: 100 m. 
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general strike trend of most of the fault structures in the area. Major sub-parallel normal 
faults occur towards the basin margin and in some instances control the sedimentation in 
Lower Eocene sequence I (Fig. 3.9). A zone of the deformation trends mainly running 
northwest-southeast across the area have been observed. The Lower Eocene sequence I 
thickness variation in the faulted area to the southwest may demonstrate the importance of 
relay ramps between these faults in controlling sedimentation. Intrabasin transfer zones 
(Gawthorp & Hurst, 1993) which link individual fault systems may act as conduits for 
local sediment transport in basin stratigraphy. 
(ii) Bottom and Top Boundaries: The lower boundary of the Lower Eocene 
sequence I is well developed throughout the study area. This boundary of the sequence is 
marked by a clear unconformity with erosional truncation of underlying strata. In the 
northern part of the area, karstification results in negative reliefs within the Palaeocene 
sequence at this boundary (Fig. 7.6). In the southern part, the sequence is bounded on top 
by a very strong, high amplitude reflector, while the base is less well defined, being of 
lower amplitude and more discontinuous (Fig. 7.9). The upper boundary of this sequence 
is the top of an even, moderately continuous series of reflectors. A reflection pattern of 
high-amplitude and good continuity is associated with this boundary. This boundary is 
thought to signify the change from carbonate in the Lower Eocene sequence I to a non-
carbonate regime in the Lower Eocene sequence H. 
NO Internal Seismic Character: Along the shelf margin, the sequence is cut by 
margin basin bounding normal faults dividing it into fault blocks. The seismic characters 
of the sequence in the slope area are dominated by reflectors onlapping the basin margin. 
From the seismic data, Lower Eocene sequence I thins markedly toward the shelf margin, 
and terminates by pinchout (onlap) against the Palaeocene sequence boundary (Fig. 7.10). 
The absence of the sequence is recognised only in the area around well 11-41. Seismic 
reflection line NC 129-87-03, a strike line, clearly shows that the onlapping reflectors from 
the southeast direction have more continuity than those reflectors onlapped from the 
northwest. This may reflect different lithologies on both sides of the palaeostructure high 
around the well 11-41. The absences of the Lower Eocene sequence Tin that area is that it 
is due to a local inversion movement. A large number of faults dissect the sequence, and 
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Fig.7.9. a) uninterpreted and b) interpreted line-drawing profile (part of seismic line 
NC 129-87-30) showing the seismic stratigraphy of the Lower Eocene sequence Tin the 
southern part of the area. Notice the downiapping reflectors within the sequence and the 
upper sequence boundary irregularity that is onlapped by the later Lower Eocene sequence H. 
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Fig. 7.10. a) uninterpreted and b) interpreted line-drawing profile (part of seismic line 
NC 129-87-03) (strike-line) showing the pinch-out of the Lower Eocene sequence I against 
a palaeotopographic high of the Palaeocene sequence. Clearly seen are onlapping terminations 
against the top Palaeocene sequence boundary. 
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close to Well 11-41. The tilting of the fault block may have caused the emergence of the 
block crest at this area. The result of this movement may be either non-deposition or 
emergence in that area causing complete erosion of the sequence. 
In the southern shelf area, the seismic reflections generally consist of a series of 
parallel, concordant, continuous, medium-high amplitude reflectors. Towards the east, 
low amplitude and discontinuous reflectors become common. Variable amplitude 
reflectors, discontinuous and transparent reflectors in part, have been seen in the extreme 
eastern part of the area. In the northern areas, the boundary between the sequence and the 
overlying Lower Eocene sequence II is difficult and even impossible to identify on the 
available seismic data. The sequence in this area is predominantly characterised by lateral 
change in the internal seismic configuration. High frequency, continuous reflectors 
onlapping from the south have been seen in the north. Discontinuous reflections and 
occasional transparent sections are seen in the northeast. Towards the extreme northeast, 
continuous high frequency, uniform amplitude reflectors become common. 
Onlapping depression-fill strata, characterised by reflector terminations against the 
walls of the remnant Palaeocene topography are common in the central part of the 
northern shelf (Fig. 7.6). Parallel, low to medium amplitude, discontinuous events 
characterise the seismic facies that fill the low relief of the Palaeocene karst. Small 
hummocky stratifications are also common within these depressions. The basin infill 
configuration is clearly overlain by high amplitude and continuous parallel reflectors. The 
sequence, in this area shows an irregular pattern interpreted as due to this basin infilling. 
Above the Palaeocene residual topographic hills the Lower Eocene sequence thins to 
about 100 ms TWT. 
(iv) Well Data: The seismic character of Lower Eocene sequence I suggests lateral 
facies changes throughout the area of study. However, well reports and lithological logs 
show that the shallow marine limestone and argillaceous limestones are the predominant 
rock type in this sequence (Fig. 7.2). The limestone appears to be interbedded with some 
intervals of shale in the southern and southwestern areas (wells 11-41, L1-41 and H141). 
The upper part of the sequence is partially dolomitized in the area located on the shelf 
margin (well 11-41), and a loss of circulation zone is reported in some wells. The wireline 
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logs have different profiles across the sequence providing an indication of the lateral 
changes of lithology. A sharp decrease in gamma values and an decrease in sonic 
response mark the upper and lower boundaries of the sequence in most wells. The 
wireline log profiles show uphole decreasing gamma signals in some wells. A number of 
sharp peaks of high gamma values are observed in some wells, which could indicate a 
flooding surfaces within the sequence. 
(v) Fades Interpretation: The Lower Eocene sequence I is interpreted as being 
dominated by shallow marine conditions, with deeper water basinal conditions present 
toward the basin centre and inner shelf conditions existing along the margin. From the 
internal configuration of the sequence, it can be presumed that deposition occurred in 
shallow marine environments. The seismic reflections in the southern part of the area 
generally consist of a section of parallel, concordant, continuous reflectors, which indicate 
low energy depositional environments. The well data support this interpretation where 
the sequence is composed of relatively deep marine facies. Depositional facies appear to 
be deposited in a shallower environment in the eastern part of the area. The low 
amplitude and discontinuous reflectors in those areas can be interpreted as deposited in a 
relatively high-energy depositional environment. 
Lateral changes in the internal seismic configuration (the amplitude and continuity of 
the reflectors) in the northern part of the area indicate a lateral change in the depositional 
facies. The seismic reflections of continuous, parallel reflectors with lateral change in 
amplitude and frequency may be deposited in low-energy zones of inner shelf or lagoonal 
setting. The dolomitization in the upper part of the sequence in well I1-41 is interpreted 
as reflecting marginal exposure of the sequence. Lost of circulation in some wells over 
this interval supports this interpretation because of the occurrence of vuggy porosity 
which is developed by irregular dissolution of grains and rocks and creates different sizes 
of holes and cavities. 
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7.5 The Lower Eocene sequence II 
Areal Distribution: As mentioned before, due to the low vertical seismic 
resolution and difficulty of tracing the boundaries of the Lower Eocene sequence II in the 
northern part of the area, the sequence will be identified and discussed in the southern 
part only. From the well data, the sequence in the northern part is generally thin and 
represents lateral variation in the thickness. The thickness variation of units in these 
areas makes it very hard for it to be seismically mapped. It is difficult to resolve 
seismically, as its typical thickness is only 50-60 m, thinning towards the platform. In 
the southern area, the sequence shows a slight increase in thickness towards the 
southwest. The minimum thickness of the sequence has been observed in the 
northeastern corner of the area (wells H1-41 and N1-41). Of note in this part is the 
increasing sequence thickness along an axis of NW-SE trend. This suggests that the 
major normal faults on this trend (see Fig. 3.4) are the factor responsible for increasing 
the thickness in this manner. 
Bottom and Top Boundaries: In the southern part of the study area, the lower 
boundary of the sequence is characterised by a very strong, continuous, high amplitude 
reflector. This boundary is thought to signify the change from a carbonate to a non-
carbonate regime. Downlap terminations are consistently directed to the west, and 
represent the predominant directional components of progradation. The downlapping 
reflectors are prograding from the platform throughout the basin (Fig. 7.11). The upper 
boundary of the sequence also characterised by a continuous, high amplitude reflector in 
the slope and margin areas. The continuity of this reflector becomes weaker towards the 
northeast, and the boundary is less defined, being of lower amplitude and more 
discontinuous. 
Internal Seismic Character: The seismic character within the sequence is 
dominated by moderate amplitude, discontinuous reflectors that downlap onto the basin 
margin. The reflectivity and continuity of the predominantly downlapping reflectors 
decreases at the edge of the shelf. Relatively higher amplitude, continuous events with 
basinwards-divergent seismic reflectors characterise the seismic configuration in the areas 
northeast of the shelf edge. Seismic lines NC129-87-01 and -03, strike lines, clearly show 
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Fig.7.1 1. a) uninterpreted and b) interpreted line-drawing profile (part of seismic line 
NC129-87-30) showing the downlapping reflectors within the Lower Eocene sequence H 
towards the southwest. 
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onlapping reflectors from the southeastward. The seismic reflections in the sequence 
along the southern shelf are characterised by lateral variation in reflectivity with variable 
amplitude and continuity. The reflections show a decrease in continuity and amplitude 
towards the northeast. The sequence is relatively uniform throughout the eastern part of 
the area whereas it consists of a seismically transparent zone. 
(7W Well Data: Lateral facies changes within the Lower Eocene sequence II are 
observed throughout the area of study. Well data in the area show that shale and 
limestone, with occasional marl stringers, are the dominant lithologies in the sequence 
(Fig. 7.2). In the western and southwestern areas, the lithology of this unit is 
predominantely shale with some argillaceous limestone (Wells M1-41, N1-41 and 131-41). 
Shales with some thin beds of marl form the sequence lithology in well 11-41. The shale 
percentage decreases towards the east and northeast. The sequence is predominately 
argillaceous lime mudstone and contains some shale beds in wells H1-41 and A1 -NC 129. 
This sequence exhibits some variability in its wireline log response, but is generally 
separated from the underlying Lower Eocene sequence I, and the overlying Middle 
Eocene sequence, by significant high gamma ray values (Fig. 7.2). The gamma ray log of 
the sequence clearly distinguishes the unit from the overlying and underlying stratigraphy, 
which indicates that this unit has a lithological composition distinct from those above and 
below. Sharp peaks of high gamma and sonic values are observed in some wells in the 
northwest (Wells A1-NC129, B1-NC129 and L1-41). A gradual uphole decrease in the 
gamma value marks the sequence in most wells. Well logs N1-41 and Hl-41 represent 
the vertical profile change within the sequence, indicating a vertical change in the 
lithology. The wireline logs of M1-41 and 11-41, which are located in the southwestern 
part of the area, show higher gamma ray values. This is interpreted as indicating that the 
shale percentage is increasing towards the basin. 
(v) Fades Interpretation: Generally the well data and seismic facies within Lower 
Eocene sequence II indicates that a shelf to slope to basin marine depositional 
environment dominated the basin during this sequence. Although a sequence boundary 
reflection represents a composite seismic response, seismic amplitude and continuity 
changes were considered meaningful in terms of lateral changes in lithology and 
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depositional energy in the sequence below the boundary. The upper boundary of the 
sequence represents a continuous, high amplitude reflector in the slope and margin areas, 
and decreasing continuity and amplitude towards the shelf in the northeast. This is 
interpreted as a decrease in acoustic impedance contrast between the overlying Middle 
Eocene sequence and the Lower Eocene sequence II in those areas. The well data support 
this interpretation where the two sequences are generally composed of limestones, 
particularly at their boundaries. 
The sequence in the northeastern part of the area consists of a seismically transparent 
zone, which suggests a uniform lithology. The Lower Eocene sequence is completely 
composed of marine sediments with depositional conditions shallowing to the northeast. 
Shallow shelf and deep marine depositional environments dominated the basin during 
Lower Eocene time. The seismic and well data confirm an open marine, generally outer-
ramp depositional environment. The sequence is interpreted as deposited in a period of 
transgression conditions with predominantly shales and mans being deposited. This unit 
is capped with a regional lowstand sequence in which shallower water limestones were 
laid down particularly in a number of wells located eastwards. This sequence reflects the 
early stages of thermal subsidence in the basin. This allowed for passive, low energy 
mudstone dominated sedimentation throughout most of the basin. 
7.6 The Middle Eocene sequence 
(i) Areal Distribution: An isopaeh map of the Middle Eocene sequence (Fig. 7.12) 
generally shows that the sequence is of fairly uniform thickness of 500-600 m in the 
northern and eastern parts of the area. In those areas, the sequence reaches a maximum 
thickness of 700 m (2296 ft.). It thins gradually toward the southwest, with most rapid 
thinning occurring at the shelf margin to less than 300 m (984 ft.). Beyond well 11-41 
toward the southwest, the contour pattern clearly reflects abrupt sequence thickening. 
The sequence in this area is not characterised by standard uniform thickness, but 
thicknesses vary from one location to another. The contour lines represent some oval 
shapes located south of 11-41 with a general long axis in an approximate NW-SE 
direction. 
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Fig. 7.12. Isopach map of the Middle Eocene sequence. Contour interval: 100 m. 
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(ii) Bottom and Top Boundaries: The lower boundary of the Middle Eocene 
sequence is generally well developed throughout the area. This boundary can be followed 
easily and is represented by a very strong, continuous, high amplitude reflector in the 
slope and margin areas. The continuity of this reflector becomes weaker towards the east. 
Downlap terminations against the lower boundary are observed in the southern shelf 
areas, and are consistently directed to the southwest (Fig. 7.13). In the northeast, the 
sequence is also well defined, being as it is bounded at the bottom by a very strong, high 
amplitude reflector. The lower boundary of the Middle Eocene sequence is marked by an 
apparent unconformity in this area. Erosional truncation of the seismic configuration of 
the underlying Lower Eocene sequence is associated with this boundary. It is thought to 
represent a relative lowstand of sea level in order to change the depositional environment 
from open marine in the Lower Eocene sequence II time to shallower marine during 
Middle Eocene sequence time. The upper sequence boundary becomes conformable 
towards the shelf and also weaker, making it harder to identify. The lateral continuity of 
this boundary reflection quality is poor on the shelf, while on the slope the reflector is 
relatively much stronger. 
ON Internal Seismic Character: The Middle Eocene sequence is relatively uniform 
throughout the basin. In the southern part of the area, the seismic reflections generally 
consist of low-medium amplitude, discontinuous events, with some high amplitude 
continuous reflectors. The seismic character within the lower part of the Middle Eocene 
sequence in the south is dominated by relatively higher amplitude, discontinuous, 
reflectors that clearly downlap the basal boundary (Fig. 7.14). Parallel to depositional 
strike, reflections are generally parallel or sub-parallel with variable amplitude and 
discontinuous reflection configuration. 
The sequence on the northern shelf is predominantly characterised by medium-high 
amplitude, continuous, parallel bedding reflectors (Fig. 7.15). In this area, the Middle 
Eocene sequence can be divided into two main seismic packages: high amplitude, 
continuous events at the base, and lower amplitude, discontinuous reflectors and 
transparent section in a part occurring toward the top of the sequence. The lower, 
relatively continuous reflection unit represents a downlapping termination against the 
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Fig.7.13. a) uninterpreted and b)interpreted line-drawing profile (part of seismic line 
NC 129-87-12) showing southwesterly progradation of the Middle Eocene sequence in 
the southern shelf area. 
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Fig.7. 14. a) uninterpreted and b) interpreted line-drawing profile (part of seismic line 
NC129-87-12) showing the basinward downlapping reflectors of the Middle Eocene 
sequence at shelf margin areas. 
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Fig.7. 15. a) uninterpreted and b) interpreted line-drawing profile (part of seismic line 
NC129-8940E) showing the lateral changes in internal seismic configuration within the Middle 
Eocene sequence in the northern part of the area. 
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basal boundary in this area. The upper, acoustically transparent unit at the top of the 
Middle Eocene sequence demonstrates a lateral variability in thickness along the platform. 
Generally, this unit thins towards the northeast and more continuous reflectors are 
common. 
Well Data: The Middle Eocene sequence is composed of relatively uniform 
lithology throughout the area. The sequence is mainly composed of light gray, moderately 
hard, argillaceous fossiliferous limestone (Fig. 7.2). Well data of M1-41, N1-41, H1-41 
and C1-41 show that argillaceous limestone, with occasional shale strings, is the dominant 
lithology. Wireline logs generally have consistent profiles across the sequence. In some 
wells, the lower part of the sequence has more irregular profiles, which give some 
indication of vertical changes of lithology. Significant increases in the gamma ray values 
are observed in wells Ml-41 and H1-41. This is interpreted as a result of the occurrence 
of high percentages of shale beds in this part of the sequence. 
Fades Interpretation: The two seismic facies of the Middle Eocene sequence are 
believed to demonstrate a relative change in depositional energy as well as a slight change 
in depositional environment through time. Continuous high amplitude reflectors occur 
towards the base which are interpreted as indicating deposition in a low energy 
depositional regime. The discontinuous nature of the reflectors within the upper unit 
reflects slightly higher-energy depositional conditions. Lithological logs show that 
shallow marine limestones and argillaceous limestones are the predominant rock types in 
this sequence. The biostratigraphic data show that a distinct nummulitic biofacies is 
present within the sequence. The thick Middle Eocene sequence in the northeastern part 
consists of nummulitic grainstones and packstones. This may indicate that the northern 
area was a shallow water platform and the southern area a relative deeper water 
environment. 
Well data, together with seismic facies interpretation indicates that the Middle 
Eocene sequence has been deposited in a marine shelf environment. The deposition of the 
sequence starts with a rapid transgression from the south and southwest over the platform 
and follows the end Lower Eocene lowstand, depositing shales in the lower part of the 
sequence. However, deposition in the Middle Eocene sequence began with a start up 
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phase, with the carbonate productivity lagging behind the initial sea level rise during 
transgression. Then followed a keep-up phase, when accumulation closely matched the 
rate of sea level rise and sedimentation kept pace with the rise. 
Carbonate productivity in the keep-up phase is normally higher and, therefore, 
shallower water, higher energy and coarse-grained deposition efficiently exceeds new 
accommodation space added by relative sea-level rise. The sediment would have to 
prograde further into the basin due to the increase in biogenic productivity. In the 
northern and northeastern portions of the area shallow water sedimentation was 
developed, and because of the high production of carbonate sediments in this shallow 
water area, a thick section of carbonate sediments was deposited. In the southwestern 
part, the rate of sedimentation in relatively deeper sea condition could not keep pace with 
subsidence, and a relatively thin section of carbonates accumulated. 
7.7 The Upper Eocene sequence 
Areal Distribution: The Upper Eocene sequence isopach map (Fig. 7.16) 
generally shows a slight lateral change in thickness in the investigated area. The sequence 
thickens gradually toward the southwest. A sudden increase in thickness of the sequence 
(more than 500m) has been observed at the extreme western portion of the area. 
Bottom and Toy Boundaries: On the shelf margin, erosional truncation and 
downlapping termination patterns characterise respectively the upper and lower 
boundaries of the Upper Eocene sequence. The lateral continuity of the lower boundary 
reflector is poor on the platform, and the boundary cannot easily be followed throughout 
the eastern area, being of lower amplitude and more discontinuous. In contrast, a 
reflection pattern of high- amplitude and very strong continuity is associated with the 
upper sequence boundary in these areas. This boundary is thought to reflect the change 
from carbonate in this sequence to a non- carbonate regime in the overlying Lower 
Oligocene sequence. The seismic reflections in the north indicate predominantly an 
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Fig. 7.16. Isopach map of the Upper Eocene sequence. Contour interval: 100 m. 
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is well developed, and is represented by good continuous, high amplitude reflectors 
throughout the northern part of the area. 
Internal Seismic Character: In the southeast, the seismic configuration within 
the Upper Eocene sequence clearly shows lateral variation in reflectivity. The internal 
configuration in the shelf margin area is generally characterised by variable amplitude and 
discontinuous reflectors. The seismic character is dominated by reflectors downlapping 
onto the basal sequence boundary from the east. Towards the east, low amplitude and 
discontinuous reflectors become common. The seismic character within the sequence in 
southeastern parts is dominated by moderate amplitude, continuous reflectors that onlap 
the lower sequence boundary from the southeast (Fig. 7.17). Further eastwards the 
sequence is composed of a transparent-reflection free section. In the northern shelf area, 
the seismic expression within the sequence exhibits parallel, variable amplitude 
modcrately continuous reflectors. High amplitude,  continuous reflectors are developed in 
the sequence close to the shelf margin areas. These reflectors change to discontinuous 
reflectors that downlap from the southeast. The sequence is predominantly characterised 
by discontinuous reflectors and occasional transparency in the extreme northeastern part 
of the area. 
Well Data: Well data generally show lateral facies changes in lithology of the 
Upper Eocene sequence throughout the investigated area (Fig. 7.2). The sequence is 
predominantly composed of argillaceous limestones interbedded with shales. Lithological 
logs in wells located in the northern shelf area (Al-NC 129, B1-NC129 and C141) show 
that the chalky and argillaceous limestones are the predominant rock type in this 
sequence. In these areas, abundant nummulitic grainstone facies is developed in the 
sequence (e.g. A1-NC129). The limestone in well B1-41 is dolomitized in parts at the 
base. This limestone appears to be interbedded with shales in the western and southern 
wells (R1-41, N1-41 and H141). The sequence becomes shaly and interbedded with 
marls in part in the southwestern wells (11-41 and M1-41). 
The Upper Eocene sequence is characterised by significantly different profiles of 
wireline logs across the sequence. This clearly indicates lateral and vertical lithofacies 
variation in the sequence. The wireline log profiles across the sequence generally show 
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Fig. 7.17. a) uninterpreted and b) interpreted line-drawing profile (part of seismic line 
NC129-87-09) showing onlapping reflectors of the Upper Eocene sequence from the 
southeast direction. 
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an uphole decrease in gamma log response and relatively consistent sonic log profiles in 
most cases. In contrast, gradual uphole increasing gamma values mark the sequence in 
well 11-41. This indicates the increase in the percentage of deeper marine sediments 
towards west and southwest. The upper boundary of the sequence is marked by a sharp 
decrease in gamma values. Many sharp peaks of high gamma value are observed in the 
sequence, which indicates the development of flooding surfaces. 
(v) Facies Interpretation: Generally, the sediments of the Upper Eocene sequence 
have a prominent progradation pattern, terminated by erosional truncation. The lateral 
variation in the seismic configuration within the sequence clearly indicates lateral 
variation in depositional environment. The upper sequence boundary reflection reflects a 
lateral change in amplitude and continuity interpreted as a lateral change in lithology and 
depositional energy in the sequence itself. In the eastern part, the low amplitude and 
discontinuous reflectors are interpreted as reflecting the deposition of the sequence in a 
relatively high energy depositional regime. 
In the northern area, the lateral change in seismic reflectivity, from a parallel 
moderately continuous reflector in the southwest to a discontinuous reflector towards the 
northeast, is related to a lateral change in energy and depositional regime. The 
discontinuous nature of the reflectors within the sequence represents a slightly higher 
energy depositional environment. The well data support this interpretation by the 
presence of shallow marine facies in the northern and northeastern areas and relatively 
deep marine facies in the west and southwestern areas. Fossiliferous limestones in well 
A1-NC129 indicate deposition of the sequence on shelf edge shoals in this part of the 
area. The shales in the southern portion indicate a slope to basin depositional 
environment. The presence of chalky limestones in the western portion suggests the 
deposition of the sequence in a mainly deeper water shelf area. 
During a period of lowstand, fossiliferous facies were deposited in this area. The 
regressive carbonate platform is dominated by the growth of barrier-island facies 
consisting of grainstones. Well data show that a particular nummulitic biofacies is 
present within the sequence in the northern part of the area. The abundance of 
nummulites in the sequence indicates the development of the sequence as a nuinmulitic 
bank buildup. However, it can be seen that the lowstand systems tract contains the 
majority of the sediment and is dominant over the transgressive and high stand systems 
tracts. The relative sea level fall associated with the upper boundary meant that shallow 
marine conditions existed over the northern part of the area with probable exposure of the 
northern shelf area. The upper boundary appears to be truncated by the overlying Lower 
Oligocene sequence in places, which indicates that a fall in relative sea level occurred at 
the end of Late Eocene time. 
7.8 The Lower Oligocene sequence 
Areal Distribution: An isopach map of the Lower Oligocene sequence (Fig. 7.18) 
shows a consistent and uniform increase of thickness towards the southwest. Gradual and 
slight increasing in thickness generally marks the sequence throughout the area of study, 
except in the southwestern corner where a sudden increase in thickness is observed. The 
thickness of the sequence in the northern and eastern areas ranges between 100 and 200 in 
(328 and 656 ft.). Very close contour lines beyond well 11-41 represent an abrupt increase 
in the unit thickness toward the deep basin aligned in a NNW-SSE direction. The 
maximum thickness of the sequence is 1000 in (3281 ft.), in the southwest. An increase 
in the thermal relaxation of the lithosphere toward the deep basin may explain the 
thickness increase in that direction. 
Bottom and Top Boundaries: The upper sequence boundary on the shelf margin 
appears to be slightly eroded by the overlying Upper Oligocene sequence and defined by 
an erosional truncation seismic pattern. Onlapping reflectors against the underlying 
Upper Eocene sequence define the lower boundary of the sequence (Fig. 7.19). The 
lateral continuity of this reflector is good toward the east, and the boundary can be 
followed easily throughout the area, being of high amplitude and continuous. The high 
continuity and strong amplitude along both sequence boundaries results from the high 
acoustic impedance contrast which is developed between the sequence and the overlying 
and underlying units. The seismic expression of the boundaries in the northern shelf area 
is of variable amplitude, moderately continuous reflectors. Little erosional truncation at 
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Fig.7.19. a) uninterpreted and b) interpreted line-drawing profile (part of seismic line 
NC 129-87-30) showing onlapping reflectors against the underlying Upper Eocene 
sequence from the southwest. 
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the upper sequence boundary is recognised on the seismic sections in these areas. The 
lower boundary of the sequence in the northern area is recognised in some parts by a 
series of horizontal to sub-horizontal reflectors onlapping against the underlying 
sequence. 
Internal Seismic Character: In the slope-shelf margin area, the internal seismic 
configuration within the Lower Oligocene sequence is characterised by variable amplitude 
and variable continuity reflectors. Medium to high amplitude and discontinuous 
reflectors, with occasional continuous events are the predominant seismic configuration in 
the shelf area (Fig. 7.19). Towards the east, the sequence thins to about 100 ms TWT, 
and the internal seismic configuration is difficult to recognise. However, the sequence in 
this area appears to be uniform and represents a transparent seismic facies. In the 
northern shelf area, reflections are generally parallel or sub-parallel with variable 
amplitude and continuity. Generally, the seismic reflectivity (frequency and continuity) 
within the sequence is relatively higher in the upper part. In the northwest, the seismic 
reflections consist of high frequency, discontinuous reflectors. Towards the southeast, the 
unit is dominated by relatively higher amplitude and continuous reflectors that onlap the 
basal boundary from the southeast direction. The reflection pattern of high-frequency and 
good continuity is associated with the middle part of the northern shelf area. Further 
southeastwards, the seismic configuration laterally changes to discontinuous reflectors 
and occasional transparency. 
Well Data: The well data show that the Lower Oligocene sequence represents a 
significant lateral change in lithofacies throughout the area of investigation (Fig. 7.2). 
Limestone and shale with occasional marl beds are the predominant lithologies in the 
sequence. Generally, a thick shale sequence was deposited in the southwest while 
interbedded shales and carbonates were deposited in the northeast. The lower part of the 
sequence is generally composed of argillaceous limestones, interbedded with some shale 
intervals. The shale percentage clearly increases towards the west and southwest. 
The upper part of the Lower Oligocene sequence is relatively uniform in lithology 
and mainly composed of shale. Lithological logs in wells 11-41 and M141, which are 
located in the southwestern part of the area show that shale is the predominant rock type 
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in the sequence. The shale appears to be interbedded with some intervals of marl in the 
area of well N1-41. In northern areas, the lithology of the lower part of the sequence is 
predominantly argillaceous limestone interbedded with shale. The rocks generally grade 
to calcareous shale and silty limestone towards the top of the sequence (Al -NC 129, Ci - 
41, L1-41, B1-NC129 and RI-41). 
The Lower Oligocene sequence exhibits some variability in its wireline log response, 
which gives an indication of the lateral changes in lithology (Fig. 7.2). Based on the 
gamma ray log the sequence generally can be subdivided into two parts. The Lower part 
is characterised by significant low gamma values while relatively higher gamma values 
mark the upper part of the sequence in many wells (wells Al-NC129, C1-41, H1-41 and 
N141). In 11-41, B1-NC129 and M1-41, relatively high gamma and sonic log values 
mark the whole sequence. However, the Lower Oligocene sequence generally shows an 
uphole increase in gamma log values and has constant sonic log values across the interval. 
(v) Facies Interpretation: In the Lower Oligocene sequence, the lithofacies 
developed clearly represent a basin-shelf depositional regime. Generally, a thick shale 
sequence was deposited in the southwest while interbedded shales and carbonates were 
deposited to the northeast. The isopach map of the Lower Oligocene sequence shows that 
the southerly thickening of the sequence increases substantially in the southwestern part 
of the area. This indicates that the thermal subsidence of the southwestern part of the area 
was continuous and occurred at a faster rate than in the other pads. 
However, seismic and well data interpretation suggests that the shelf to basin marine 
depositional environment dominated the basin during this sequence. This interpretation 
indicates that shallow marine shelf conditions existed in the northeastern part of the area, 
whereas in the western and the southwestern area the sedimentary facies were deposited in 
a relatively deeper water environment. In the southwest, where open marine shale and 
mudstone dominate, medium to high amplitude discontinuous, reflectors are the most 
common. The internal seismic configuration in the southeast predominately consists of a 
series of parallel concordant reflectors, which indicate low energy depositional 
environments. The sequence to the northeast consists of a seismic reflection-free zone, 
which may point to discrete grainstone shoals. The well data indicate the occurrence of 
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nummulitic-banks in the sequence in the northern part of the area. The lithology of the 
nunmiulite limestone facies suggests deposition in a relatively shallow, shelf-margin 
environment. 
From the seismic and well data together, it can be seen that the lower part of the 
sequence represents a lowstand systems tract and is followed by transgressive and 
highstand systems tracts. The deposition of the Lower Oligocene sequence began with a 
keep-up phase, when sedimentation kept pace with the sea level rise during transgression. 
A thick section of carbonate sediments was deposited because of the high production of 
carbonate during this phase. The sequence is characterised by rapidly deepening-upward 
deposits with the new accommodation space created after the relative sea-level rise. The 
result of the subsequent flooding is a transgressive systems tract made up of an aggrading 
or retrograding parasequence. In this phase, carbonate productivity is normally lower and, 
therefore, fine-gained, deeper water and lower energy sediments were developed. The 
upper part of the sequence is interpreted as being deposited in a transgressive and 
highstand systems tract consisting predominantly of shales. This was followed by a 
relative sea-level fall at the end of the early Oligocene, which generated the upper 
sequence boundary. 
7.9 The Upper Oligocene sequence 
(i) Areal Distribution: Fig. 7.20 shows the isopach contour map of the Upper 
Oligocene depositional sequence. The contour pattern in this map generally shows 
irregularity in shape indicating unsystematic lateral changes in thickness. Thicknesses 
between 300 and 400 m (984 and 1312 ft.) are observed over most of the investigated 
area. Beyond well 11-41 and further southwestward, the contours indicate a gradual 
increase in thickness towards the southwest. The maximum thickness of the sequence is 
about 600 m (1968 ft.). As in the case of the Lower Oligocene sequence, thermal 
subsidence during the post-rifling stage may be the cause for the increase in thickness 
toward the deep basin. 
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Bottom and Top Boundaries: In the southern area, the Upper Oligocene 
sequence boundaries show a lateral change in reflectivity from place to place. In the slope 
and shelf margin areas, the upper boundary of the sequence can be followed easily due to 
the high seismic reflection quality associated with the boundary. Erosional truncations are 
associated with the upper boundary in these areas. The continuity of this reflector 
becomes weaker towards the east. In contrast, the lower boundary of the sequence has 
weak reflectivity on the slope and shelf margin areas while being relatively much stronger 
eastwards. Onlapping terminations against the lower boundary are observed in the shelf-
slope area, and are consistently directed to the north and northeast (Fig. 7.21). 
In the north area, the lower boundary of the Upper Oligocene sequence is well 
developed and is marked by clear erosional truncation. High-amplitude and good 
continuity reflection patterns are associated with this boundary. The upper boundary is 
also well developed as a good continuous, high amplitude reflector. The seismic 
reflections indicate predominantly erosional truncation at the upper sequence boundary. 
However, the reflection associated with this boundary shows lateral changes in continuity 
and amplitude. 
Internal Seismic Character: The internal seismic configuration within the 
Upper Oligocene sequence is generally characterised by variable amplitude and variable 
continuity reflectors. In the slope and shelf margin areas, the seismic facies within the 
sequence are dominated by reflectors onlapping the basin margins from the southwest 
direction. The seismic reflectors are of low to medium amplitude and are discontinuous, 
with occasional high amplitude, continuous events. In the extreme eastern part of the 
area, the reflection patterns within the sequence are characterised by variable amplitude 
reflectors, but with some discontinuous reflectors and transparent sections (Fig. 7.22). 
In the northern area, the seismic reflections are generally parallel to sub-parallel, with 
variable amplitude and reflection continuity. Lateral and vertical change in the internal 
seismic configuration within the sequence has been observed in these areas. The 
sequence in the extreme western area is characterised by parallel, discontinuous and 
occasionally continuous reflectors onlapping from the southwest direction. Towards the 
northeast, low amplitude and discontinuous reflectors become the common configuration 
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patterns. Downiapping reflectors are observed within the sequence at these areas (Fig. 
7.23). Relatively continuous high frequency uniform amplitude reflectors become 
common towards the southeast. Generally, two seismic packages can be recognised 
within the Upper Oligocene sequence in the northern shelf area. Relatively higher 
amplitude and continuous reflectors dominate the seismic character within the lower part 
of the sequence. In contrast, the seismic reflections in the upper part of the sequence 
generally consist of discontinuous reflectors of low-amplitude. The later, discontinuous 
unit demonstrates a lateral variability in thickness across the platform, but it thins towards 
the southeast where more continuous reflectors are common. 
Well Data: The well data show that limestone is the predominant lithology in the 
Upper Oligocene sequence over the entire investigated area (Fig. 7.2). The limestone 
appears to be interbedded with some intervals of shale and marl. Dolomitic limestone and 
anhydrite beds occasionally occur within this sequence. hi southern and eastern areas, the 
lithology of this unit is primarily shallow marine fossiliferous limestone, interbedded with 
shale (wells 11-41, M1-41, N1-41 and 111-41). This unit contains some anhydrite beds in 
H1-41 and N1-41. In the northern areas, highly fossiliferous limestone interbedded with 
marls and shales is the predominant rock type. Indications of dolomitization of the unit 
appear in some wells (A1-NC129 and L1-41). 
Gamma ray and sonic log profiles represent different responses across the sequence, 
suggesting changes in the sequence lithology. Low gamma ray and low sonic log values 
characterise the unit in most wells in the east and north (wells N1-41, H1-41 and Al-
NC129, B1-NC129 and C1-41). Relatively high gamma log and very high sonic log 
values are observed in the south (well M1-41). Spikes of very high gamma ray values are 
observed across the sequence, which may define surfaces of flooding. The upper and 
lower boundaries of the sequence are marked by relatively low gamma ray values and 
lower sonic values in most wells. 
Facies Interpretation: Well and seismic data interpretation indicates a shallow 
marine shelf environment which dominated the basin during this time. Lateral and 
vertical change in the internal seismic configuration within the sequence clearly suggests 
changes in depositional environment. The deposition of the sequence began with a period 
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of transgression from the south which spread over the platform, allowing shale deposition 
in the lower part of the sequence. Seismic reflections in this part of the sequence 
generally consist of a series of parallel, relatively continuous reflectors indicating a low 
energy depositional environment. This suggests that the lower sedimentary facies were 
deposited during a period of rising sea level. The trend of the onlapping reflectors in the 
lower part of the sequence indicates that the transgression came mainly from the south 
and southwest. Discontinuous low-amplitude reflectors occur toward the top of the 
sequence and are interpreted as indicating deposition in a relatively higher energy regime. 
Shallow marine shelf conditions may have existed at this time. They are followed by a 
relative sea-level fall, which may have exposed the carbonate platforms, generating the 
upper sequence boundary. 
Generally, in the Upper Oligocene sequence, shallow water sedimentation (keep-up) 
makes up the majority of the sediment and dominates over the start-up phases. As a result 
of the high carbonate productivity during this phase, a thick section of carbonate 
sediments was deposited in the sequence. The onlapping events in the lower part of the 
sequence suggest continuous passive thermal subsidence of the basin through this time, 
especially in the southwestern areas where a thick sequence was deposited. The sequence 
may represent the late stages of thermal subsidence in the basin, which led to shallow 
marine limestones dominating sedimentation throughout most of the basin. 
7.10 The Lower Miocene sequence 
(i) Areal Distribution: The Lower Miocene sequence is the uppermost sequence 
analysed in this study. The sequence isopach map has been constructed and shown in Fig. 
7.24. The map shows a clear increase in the sequence thickness toward the southwest. 
Even contour lines in the northern and eastern part of the area display a gradual increase 
in thickness southwestwards. The map shows closer contours toward the southwest 
corner indicative of abrupt increase of the unit thickness toward the deep basin along a 
trend of NW-SE. A minimum thickness of 200 m (656 ft.) is encountered in the northeast 
and the maximum thickness is about 1000 m (3281 ft.), which marks the location of the 
basin depocentre further to the southwest. The increase in thickness 
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Fig. 7.24. Isopach map of the Lower Miocene sequence. Contour interval: 100 m. 
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toward the southwest strongly suggests differential subsidence between the platform and 
the basin. 
Bottom and Toy Boundaries: Over the southern part of the area, a reflection 
pattern of high-amplitude and very strong continuity is associated with the upper sequence 
boundary. This boundary can also be defined by an onlapping of reflectors of the 
overlying unit from the south and southwest. In this area the lower boundary of the 
sequence represents significant changes in continuity and amplitude of the reflector across 
the slope and shelf areas. This boundary of the sequence is well developed throughout the 
southwestern area, and is characterised by a very strong continuous, high amplitude 
reflector on the slope and shelf margin. The continuity and amplitude of this reflector 
becomes weaker towards the eastern part of the area. The lower boundary in the north 
area is marked by a variable amplitude, moderately continuous reflector. The upper 
sequence boundary becomes conformable in the north. The seismic reflections indicate a 
predominantly concordant reflector at this boundary. Seismic reflection line NC 129-89-
09, a strike line, clearly shows concordance of both lower and upper sequence boundaries 
towards the east (Fig. 7.25). 
Internal Seismic Character: The sequence in the southern shelf area is 
predominantly characterised by lateral changes in the internal seismic configuration. 
Divergent seismic reflectors have been observed within the sequence in this area. In the 
slope and shelf margin areas, the seismic reflections generally consist of continuous 
events of medium-high amplitude that onlap from the southwest direction. Low 
amplitude reflectors, discontinuous and transparent sections, are common in parts of the 
eastern area (east of well N1-41). Seismic reflection configuration along the dip lines 
clearly shows lateral variation, in reflectivity in the southern part of the area (Fig. 7.26). 
In the northern areas, the seismic reflections are generally discontinuous, parallel or 
sub-parallel, with variable amplitude. In the west, the seismic patterns of the sequence are 
characterised by reflectors onlapping the shelf margins from the southwest direction. In 
the northwestern area, the seismic reflections generally consist of a section of 
discontinuous low to medium amplitude reflectors. Towards the southeast, high 
amplitude and continuous reflectors become common. Discontinuous to transparent 
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Fig. 7.25. a) uninterpreted and b) interpreted line-drawing profile (part of seismic line 
NCI 29-87-09) (strike line) showing the concordance of both lower and upper boundaries 
of the Lower Miocene sequence towards the eastern part of the area. Uniform sequence 
thickness is observed in those areas. 
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Fig.7.26. a) uninterpreted and b) interpreted line-drawing profile (part of seismic line NC 129-
87-12) showing southwesterly thickening of the Lower Miocene sequence in the southern 
part of the area. Clearly seen divergent seismic reflection configuration within the sequence 
suggest progressive tilting of the depositional surface due thermal subsidence of the post-rifting 
succession. 
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reflections characterise the sequence to the northeast. The seismic data show that the 
sequence is exposed or nearly exposed at the surface in the extreme northeast corner. In 
general, the Lower Miocene sequence in the northern shelf area can be divided into three 
seismic packages. The seismic character within the lower and upper parts of the sequence 
is dominated by relatively lower amplitude discontinuous reflectors. The seismic 
reflection patterns in the middle part of the sequence are characterised by high amplitude 
and continuous reflections throughout the area. 
Well Data: The Lower Miocene sequence is predominantly composed of shale 
and argillaceous limestone throughout the basin (Fig. 7.2). Well data show that shale is 
the predominant lithology in the lower part of the sequence. Marl beds occasionally occur 
within this part in some wells (11-41 and M1-41). Fossiliferous limestone appears to be 
interbedded with some intervals of shale in the middle part of the sequence. The upper 
PMrt of this unit is primarily shale with some argillaceous limestone. Wireline logs have 
irregular profiles across the interval. A gradual uphole decrease in gamma ray values is 
generally observed in the sequence (wells A1-NC129, C1-41 and 11-41). The sonic log 
profiles across the sequence are uniform in most wells. The gamma ray signal in well 
M1-4, located in the southern part of the area, appears to have higher values than in other 
wells. The occurrence of sharp peaks of high gamma value within the sequence may 
indicate surfaces of flooding. 
Facies Interpretation: The Lower Miocene sequence is interpreted as being 
dominated by shallow marine conditions, with deeper water basinal conditions present 
occasionally in the southwest. Seismic and lithological facies in the sequence are 
believed to demonstrate a relative change in depositional energy through time. The 
sequence began with a rapid transgression from the south and southwest, depositing 
shales and marls in the lower part. During the early phase of deposition of the sequence, 
the carbonate productivity slowdown behind the initial sea level rise during the 
transgression led to shale becoming the dominant lithology. From the internal seismic 
configuration of the sequence it can be deduced that the base of the sequence is onlapped 
by pelagic deposits (shale layers), characterised by parallel discontinuous high amplitude 
reflectors. This period was followed by a regional lowstand condition in which shallower 
water limestones interbedded with some shale beds were laid down. The interbedded 
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limestones and shales in the middle of the sequence generate high amplitude, bedding-
parallel, continuous reflectors. 
The well data show that shallow marine limestones interbedded with some shales 
form the predominant rock types in this area. The lithology of the fossiliferous limestones 
suggests deposition in a relatively shallow depositional environment. However, these 
deposits reflect clear fluctuations in sea level in this area. The seismic data suggests that a 
shallow marine shelf environment dominated within the sequence in the northeast. The 
relatively higher gamma ray values in well M1-41 may be interpreted as being due to an 
increase in the percentage of shale basinwards. 
7.11 Conclusions 
This chapter investigates the evolution of the Agdabia Trough and Soluq Depression 
during the Tertiary using seismic and sequence stratigraphic techniques. For the purpose 
of stratigraphic interpretation of the seismic data in these areas, the Tertiary succession 
was divided into eight workable, genetically related, chronostratigraphic sequences. The 
sequence boundaries were chosen from the seismic data, and where possible were tied to 
well data. Within each of these sequences, seismic facies analysis and depositional 
environmental interpretation has been carried out. The palaeodepositional environments 
in the study area are interpreted through a correlation between well geology and the 
seismic characteristics using seismic stratigraphic techniques. However, a wide range of 
seismic facies and systems tracts were identified, described and discussed. 
In the Late Cretaceous, NW-SE trending normal faults were activated on the eastern 
margin of the Sirte Basin. The normal faults occurred at the basin margin and influenced 
basin development in the post-rift stage. From Palaeocene to Middle Eocene time, more 
normal faulting occurred, mainly as reactivation along a hinge-line between the Side 
Basin and Cyrenaica Platform. Relatively rapid thickening of the syn-rift sequence is 
observed at the hinge-line. The post-rift section produced a relatively simple 
sedimentation pattern in which the section shows an overall thickening towards the basin 
centre to the southwest. The transgression, which began in the Late Cretaceous, 
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seemingly ended in the early Palaeocene, initiating the Palaeocene platform. Following 
the late Cretaceous-early Palaeocene transgression, sedimentation was characterised by 
the covering of the Sine Basin with open marine pelagic facies followed by a gradual 
shallowing-up sequence. 
Fig. 7. 27 shows a composite schematic, southwest-to-northeast cross section across 
Agdabia Trough and Soluq Depression. In the northeastern parts of the area shallow 
water sedimentation was developed, and because of the high production of carbonate 
sediments in such areas, thick units of carbonate sediments were deposited. In the 
southwestern part, the rate of sedimentation in relatively deeper water conditions could 
not keep pace with subsidence, and relatively thin sections of carbonate were deposited. 
The Palaeocene sequence in the area consists of a thick dolomite and dolomitic 
limestone developed in a shallow sea environment. The seismic and well data 
interpretation suggests that the Palaeocene sequence is dominated by a regressive trend. 
Tectonism may have still played a part in sedimentation in the Palaeocene, especially 
towards the margin of the Sine Basin in the southwest. The seismic data indicate 
lowstand fans developed during the early Palaeocene. It is suggested that development of 
these fan deposits is associated with periods of sea-level fall. These fans may have 
developed during late syn-rift subsidence phases of basin development. The time of 
dolomitization in the sequence may have been during late highstand-early lowstand of 
relative sea level or widespread subaerial exposure of the Cyrenaica Platform. 
One of the most important conclusions in this chapter is the observation of mound-
shaped features in the northern part of the area. These features may indicate the 
development of discrete organic buildups or grainstone shoals in the Soluq Depression. 
These reefal constructions are interpreted as reefal buildups forming towards the basin 
margins on a carbonate ramp during the early Palaeocene time. However, these features 
are observed for the first time in these areas. 
The Palaeocene sequence deposition was followed by a relative sea-level fall, which 
completely exposed the platform, generating a sequence boundary. The erosional surface 
developed at the top of the Palaeocene sequence during a major lowstand 
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Fig. 7.27. Composite schematic cross section across the hinge-line area between the Sine Basin and Cyrenaica Platform, illustrating 
the stratigraphy of the Tertiary successions and the distribution of their major facies. The southwestern portion of the cross section 
corresponds to the Agdabia Trough in the eastern Sine Basin, and the northeastern part corresponds to the Soluq Depression in 
western Cyrenaica Platform. Note: an overall increase in carbonate-to-shale ratio towards the northeast. This is presumably associated 
with abundant carbonate production in the shallow water platform areas. 
across the area. It has developed on irregular karst topography leaving a zone of vuggy 
and in places cavernous porosity in the upper part of this sequence. This was followed by 
a transgression from the southwest, leading to deposition of the Lower Eocene sequence I 
which is dominated by shallow marine environments, with deeper water basinal 
conditions present toward the basin centre. Shallow marine limestones and argillaceous 
limestones are the predominant rock types in the sequence, which are interbedded with 
some intervals of shales in the southern and southwestern areas. The depositional facies 
appear to be deposited in a slope to basin marine environment. 
The seismic data interpretation suggests the Lower Eocene sequence I thins 
markedly toward the shelf margin, and terminates by pinchout against the lower sequence 
boundary. Development of a palaeostructure high in this area may have occurred due to 
a local inversion movement. A large number of normal faults were developed in this 
sequence, and the deformation is most intense in the area of the shelf margin. Tilting of 
the fault blocks may have caused the emergence of the block crests in this area, and 
hence either non-deposition or emergence causing complete erosion of the sequence. 
A period of transgressive and highstand conditions characterised the Lower Eocene 
sequence II during which predominantly shales and marls were deposited. An open 
marine, generally outer-ramp depositional environment, was predominant. This 
transgression is followed by a regional lowstand condition in which shallower water 
limestones were laid down, particularly in the east. The sequence represents the early 
stage of thermal subsidence in the basin, which allowed for passive, low energy mudstone 
dominated sedimentation throughout most of the basin. A rapid transgression from the 
south and southwest over the platform follows the end Lower Eocene lowstand, and 
deposited shales in the lower part of the Middle Eocene sequence. The deposition in the 
Middle Eocene sequence began with a start up depositional phase when carbonate 
productivity decreased during transgression. This was followed by a keep-up phase, when 
sedimentation kept pace with the sea level rise and the sediment prograded further into the 
basin due to the increase in biogenic productivity during this phase. The onlapping nature 
of the sequence against the shelf margin indicates passive thermal subsidence of the basin 
through this time. 
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Shallow marine conditions dominated the area during the deposition of the Upper 
Eocene sequence, with deeper water basinal conditions present toward the basin centre. 
The sequence generally has a prominent progradation pattern, and the highstand systems 
tract contains the majority of sediment and dominates over transgressive and lowstand 
systems tracts in the sequence. The regressive carbonate platform is dominated by the 
growth of barrier-island facies consisting of grainstones in the northern part of the area. 
Nummulitic biofacies were deposited indicating the deposition of the sequence on shelf 
edge shoals. 
A relative fall in sea level with probable exposure of the northern shelf areas occurs 
before the end of Eocene time. The Lower Oligocene sequence generally reflects shallow 
marine conditions, with deeper water environments present toward the southwest. 
Deposition in the sequence started with a keep-up phase, in which a thick section of 
carbonate sediments was deposited.  This was followed by a rapid transgression from the 
southwest, leading to deepening-upward sedimentation. Then a relative sea-level fall at 
the end of the Early Oligocene generated the upper sequence boundary. The thick 
sequence of relatively deep-water sediments and the onlapping nature of the sequence is 
indicative of thermal subsidence of the basin in the southwestern part of the area. 
A shallow marine shelf environment dominated over the basin during Late Oligocene 
time. The deposition of the Upper Oligocene sequence began with a period of 
transgression over the platform, which allowed shale deposition in the lower part. The 
onlapping events within this part indicate that the transgression mainly came from the 
south and southwest direction. In addition these onlapping reflectors suggest continuous 
thermal subsidence of the basin especially in the southwestern area. A relative fall in the 
sea level allowed shallow marine shelf conditions to exist in the upper part. The 
relatively high carbonate productivity during this phase lead to deposition of a thick 
section of carbonate sediments in the sequence. 
At the end of the late Oligocene, a lowering of relative sea level occurred, and a 
regressive carbonate sequence was deposited which may have been subaerially exposed 
prior to deposition of the Lower Miocene sequence. Shallow marine conditions 
dominated the Lower Miocene sequence with deeper water basinal conditions present 
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occasionally in the unit. The Lower Miocene sequence deposition began with a rapid 
transgression coming from the south and southwest, depositing pelagic sediments in the 
lower part of the sequence. The carbonate production was slowed down during this 
period and shale became the dominant lithology in the sequence. This was followed by a 
major lowstand condition in which shallower water limestones interbedded with some 





Porosity is one of the most important physical properties of sedimentary rocks. The 
value of porosity is principally a function of the interlocking pattern of grains through 
compaction, contact-solution and redeposition, and cementation. Genetically the porosity 
in sedimentary rocks is complex, and this complexity is mainly due to the wide range in 
size and shape of the particles and pores which build the pore system in the rock, and to 
diagenesis. 
The porosity analysis in this chapter is not for reservoir potential evaluation. The 
principle aim is to evaluate and interpret the porosity-depth relationships in the Agdabia 
Trough and Soluq Depression. From sonic log interval transit-time for ten wells scattered 
in the area, the porosity has been estimated, in order to evaluate and analyse the history of 
burial and erosion in the sedimentary sequences deposited on the eastern shelf of the Sirte 
Basin. Another aim is to look for causes of major lateral variations that could be seen in 
velocities (see Chapter 5). Furthermore, this analysis will help choose suitable porosity-
depth curves for the backstripping analysis in Chapter 9. To determine the porosity more 
precisely, very detailed lithology in each well was quantitatively studied from composite 
lithological logs. This lithological study identifies limestone, shale and dolomite as three 
major types of sedimentary rocks in the investigated wells. 
The maximum depth to which a rock has been buried strongly influences its porosity. 
Basically, this study is based on a comparison between the observed shale and limestone 
regression lines with regression lines from measurements on 'pure' shales and limestones, 
which are believed to have normal depth of burial characteristics. The difference between 
the two curves may allow the identification of any depth of burial anomalies through the 
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rock columns. The reduction in thickness of sedimentary rock units is due to compaction 
as a result of the increasing weight of younger sediment material that is continually being 
deposited. In order to restore the original thickness of buried and compacted stratigraphic 
units, the porosity-depth relationship has been applied in the decompaction technique for 
geohistory analysis purposes (Chapter 9). 
8.2 Porosity terminology in sedimentary rocks 
Porosity in sedimentary rocks is highly variable due to differences in depositional 
facies and diagenesis. In general, porosity is defined as the fraction of the total volume of 
the rock occupied by pores or voids, and it is usually expressed as a percentage. In 
sedimentary rocks, the porosity is complex, and this complexity is mainly due to the wide 
range in size and shape of the rock matrix and pores. Despite the creation and 
modification of pore space at many stages in the history of the rock formation, the time of 
origin is considered as the most important element for classification of porosity in 
sedimentary rocks. Therefore porosity is classified into two main types: primary porosity 
and secondary porosity: 
Primary Porosity. Primary porosity is developed as the sediment was deposited. It 
includes any pore spaces present within individual sediment or rock components at the 
time of final deposition. It is mostly formed by creation of internal cells, chambers, or 
other openings within individual skeletal organisms, and by multipartical individual 
grains such as pellets. 
Several processes create and modify the primary porosity. The primary porosity is 
largely controlled by depositional processes and environments. It includes (i) 
interparticle porosity: which occurs between grains, and varies with sorting, grain 
packing and grain shape. (ii) intrapartical porosity: which occurs within the grains such 
as chambers of some microfossils. Generally, the primary porosity is highly affected and 
modified by mechanical compaction, pressure solution and pore filling cementation, and 
therefore may be lost if the sediment is deeply buried. 
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Secondary Porosity. 	Secondary porosity (or post-depositional porosity) is 
considered to be any porosity in a sediment or rock that developed subsequent to 
deposition (during diagenesis). Several mechanisms are important to create secondary 
porosity, and commonly include five main types: (i) mouldic porosity: this type of 
porosity is created by the selective dissolution in the heterogeneous rock, it is 
characterised by distinctive differences in solubilities between grains and framework. (ii) 
vuggy porosity: this type of porosity is developed by irregular dissolution of grains and 
rocks, which creates different sizes of holes and cavities, and is commonly related to karst 
weathering in homogeneous limestones and dolomites in wet climate areas. (iii) fracture 
porosity: this type is developed through fractures and brecciation in hard homogeneous 
carbonate rocks as a result of slumping, overpressuring and through tectonic deformation. 
(iv) interc.'ystalline porosity: this type is developed between the mineral crystals in the 
rock, and is mostly associated with a decrease in mineral volume and consequent increase 
in pore space, such as in some dolomitization processes in carbonate rocks. (v) Stylolitic 
porosity: this type of porosity is generated by pressure dissolution processes in burned 
rock units. Secondary porosity is common in carbonate rocks and is developed by 
diagenetic processes. 
8.3 Methods of porosity estimation 
Porosity is considered to be the main physical parameter needed to evaluate the 
potential value of a rock as a reservoir. There are a number of techniques for measuring 
rock porosity. In the laboratory, core analysis is the common and most reliable technique 
for porosity determination for the reservoir evaluation. First, thin sections are cut 
perpendicular to the long axis of the core, approximately normal to the bedding planes if 
the strata are horizontal. Then it is studied under petrographic microscopes for a detailed 
examination of the individual grains and crystals in the rock. Such examination provides 
an understanding of how the grains or crystals fit together and thus an understanding of 
interpartical or intercrystalline pore relationships. 
The laboratory porosity measurement techniques require core samples as the basic 
source of study material, and have four main disadvantages as far as porosity 
measurements are concerned: 
The production of these cores during drilling is very expensive. 
The cores themselves are often only from hydrocarbon-productive rock zones. 
The measurements are commonly made on small-diameter core "plugs. Because 
of the heterogeneity of many rock types (such as the carbonate family) the porosity 
estimation may completely miss large pores like vugs and fractures. 
The cuttings of rock flushed to the surface during other types of drilling are 
difficult to interpret, and often provide little information on the intrinsic physical 
properties of the formation from which they were derived. 
As an alternative to the above, geophysical borehole logging techniques are very 
widely used to provide important in-situ propezties of rocks and more information about 
the sequence of rocks penetrated by the boreholes, drilled for hydrocarbons. Based on the 
petrophysical properties of the rock formation close to the borehole, several different logs: 
the sonic log; the formation density log; and the neutron log, are important devices used 
to determine porosity values (Schlumberger, 1972). All of these logs are greatly affected 
by the matrix compositions and physical properties of fluids that fill the pore spaces. 
When the matrix lithology of the rock is unknown, or consists of minerals with unknown 
properties, accurate porosity estimation is more difficult. Furthermore, the estimation is 
complicated when the pore fluids in the investigated formation have different physical 
properties from those of water as for example in gas and light hydrocarbons. To reduce 
these effects on the porosity evaluation, combinations of two or three porosity logs are 
usually used (crossplotting technique) for accurate porosity (Fig. 8.1). 
However, the determination of the porosity in this chapter is not for the evaluation of 
hydrocarbon production reservoir potential. Instead, it is used to study the depth of burial 
of the rock sequence, and hence to determine under- and over-compacted horizons, with 
the purpose of elucidating their geohistory. Therefore, in this type of analysis the sonic-
log porosity determination is the more reliable method to evaluate the in-situ 
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this study, the porosity is calculated from the digitising interval transit-time fr om the 
sonic log, which is a useful source material in this type of analysis. 
8.3.1 Porosity from sonic log transit-time 
and usually two or four receivers pick and record this wave. The sonic log measures th e 
interval transit-time, At, or speed in microseconds, for the compressional sound wave to 
Fig. 8.1. Porosity and lithology evaluation from density and neutron logs in water-filled 
holes (fr 
porosity for the entire rock sequence in the area. Most boreholes in the study area were 
drilled in early sixties, and only wire-log type for porosity estimation is the sonic log. In 
The source material for porosity estimation in this analysis is the interval transit-time 











travel a given distance in a formation, usually one foot through the formation close to the 
borehole wall (Fig. 4.2b). Principally the measured interval transit time in the rock 
formation depends upon its grain matrix lithology, the pore system and fluid contents 
within this rock. The dependence of the speed of an acoustic wave on porosity makes the 
sonic log a very important device for porosity evaluation. 
The sonic log is the first devise used to evaluate porosity, if the solid components of a 
rock formation (grain matrix) are known. The porosity can be estimated using the 
empirical time-average equation of Wyllie et al. (1956). Wyllie worked out the 
relationship between the rock formation porosity, 0; the acoustic velocity, V. read from 
the sonic log; the acoustic velocity in the fluid filling the pore space, Vj ; and the acoustic 
velocity in the main material constituting the rock matrix, V. 
VV1 	Vm 
	 (8-1) 
Equation 8.1 can be rewritten in terms of interval transit-time, read directly from the sonic 
log as: 
At = ØAt + (1- ø)Atm 	 (8-2) 
or rewritten in term of porosity as: 
ø = (Ati og L'st m )I(L\tj At m ) 	 (83) 
In equation 8.3, At j0g , At  and At are: the formation interval transit-time reading on 
the sonic log in microseconds per foot, the transit-time in the rock matrix lithology, and 
the transit-time in the pore fluid, respectively. The transit-time in the rock matrix is 
different from one formation to another, and is controlled by the petrophysical properties 
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of each rock material type (Fig. 8.2). Table 8.1 shows the differences in velocities and 
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Fig. 8.2. Relationship between transit-time measured on sonic logs and lithology (from 
Longman, 1981). 
In this analysis, the rock types are determined from the detailed composite 
lithological log for each well in the study area. Generally, the well data indicate that 
limestones, dolomites and shales are the dominant lithologies. An Excel spread sheet has 
been used in the porosity calculation. In order to reduce the fluctuation of local porosity 
differences, each data point represents a porosity sample at every 15 m, which is roughly 
of homogenous composition and log character. The At,, values for each rock type have 
been determined according to lithology verses transit-time values, as listed in Table 8.1. 
The At 1  value has been determined from standard values, and is usually considered as 
for freshwater to be 189 microsecond per foot. 
294 
Table 8.1 The constant values used in this study for the determination of the porosity from interval transit-
time, from Schlumberger (1972), except the shale transit-time from Magara (1978b). 
Matrix 
lithology 
Velocity in matrix 
(fl/see) 
Transit time in matrix 
(psec/fl) 
Limestone 21,000-23,000 47.5 
Dolomite 23,000 43.5 
Shale 14,705 68.0 
However, the very precise determination of transit-time values from the sonic log, for 
different types of material, is somewhat difficult. This is because it depends on the 
velocity of sound, which varies even within one type of rock (Fig. 5.1). The mineral 
composition of the rock grain, the consolidation degree, and the type and salinity of liquid 
filling the pore space within these rocks, are the main uncontrolled parameters which 
affect the evaluation of porosity from the wire-logs. 
8.3.2 Accuracy of interval transit-time derived porosity 
In the sonic log device, the receivers pick-up and record the first arrival of the 
refracted compressional waves which traverse the shorter travel path through the 
formation. The velocity of these waves mostly depends on the primary porosity of the 
rock (Schlumberger, 1972). Accordingly, the sonic logs largely ignore vuggy porosity and 
fractures and depend primarily on intergranular porosity. Therefore the porosity derived 
from the sonic log is usually less than the total porosity of the formation. Raymer et al. 
(1980) concludes that, in the low porosity range (less than 25%), the Wyllie time average 
equation predicts too low a porosity value, compared with values obtained from other 
techniques. 
In carbonate rocks, the evaluation of porosity commonly has a lesser degree of 
accuracy due to the development of secondary porosity. Therefore the sonic log alone is 
not sufficient to determine the total porosity used to evaluate reservoir hydrocarbon 
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potential. However, for the geohistory investigation and burial depth estimation, the 
targets of this analysis, the above conclusion is considered as an advantage because 
secondary porosity is not affected by the depth of burial. Generally the sonic log is the 
most important and complete form of porosity evaluation. Wide experience with both 
wire-log estimation and laboratory experimentation supports the general applicability of 
the Wyllie time-average equation for most consolidated sedimentary rocks, particularly 
where the pore fluid is water or brine (Gregory, 1977). 
In this analysis, the porosity values for the near surface intervals in each well are 
excluded from the calculation, as the interval transit-time at such shallow depths is not 
accurate. Propagated sonic waves in the well metal casing and/or the presence of 
unconsolidated sediments near the surface are the main causes for less accuracy of transit-
time measurements in the near surface rock unit. 
8.4 Porosity-depth relationship in sedimentary rocks 
Dewatering of sediment and closer grain packing is the first step in the compaction 
process. Mechanical compaction is largely a function of the applied stress in relation to 
size, shape, and strength of grains and the amount of the cementation. More compaction 
resulting from increased sediment load, causes plastic deformation of the weak grains and 
a reduction in the volume of pore spaces between the ductile grains (Tucker, 1981). The 
other main factor in porosity reduction is the precipitation and filling of the pore spaces 
through cementation. The following two sections discuss in some detail the porosity of 
both carbonates and shales with depth of burial. 
8.4.1 Porosity-depth relationship in carbonates 
Generally, carbonates are the predominant rock type in the Agdabia Trough and 
Soluq depression (Chapter 7). The pore system in carbonates consists almost entirely of 
primary intergranular pores between grains, which are usually formed at the time of 
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deposition. These pores may be strongly affected by shallow and deep diagenetic 
processes, which either create or destroy porosity. Recent carbonate sediments typically 
have porosities in the range of 40% to 70% (Choquette & Pray, 1970). Dolomite porosity 
is usually lower than limestone porosity near to the surface, but does not decrease as 
rapidly with depth. Fig. 8.3 shows an exponential porosity decrease with depth in both 
dolomite and limestone. The wide range of porosity in carbonate rocks is attributed to a 
wide range in size and shape of the carbonate particles, which by their packing or by their 
solution processes, influence the pore system. Also, various processes by which pore 
spaces are created may give rise to more complex pore systems in carbonate rocks. In the 
Agdabia Trough and Soluq Depression, the carbonate sequences are characterised by a 
wide range of porosity. 
The porosity in carbonates can be reduced by changes in packing, which take place 
from a few meters below the sediment surfaces. After deposition of sediments, the two 
main processes that decrease porosity are compaction and cementation. There are two 
stages of compaction: mechanical (physical) and chemical compaction. The early 
compaction, mainly mechanical, occurs after the deposition of overburden sediment load. 
In carbonates, with increasing physical compaction, a chemical compaction or solution 
precipitation may take place through the pressure solution process. 
The pressure solution process occurs in grains at points of contact, and is considered 
an important mechanism of porosity reduction (Tucker, 1981). In this process, the 
dissolution of minerals occurs at grain contacts, where external pressure is greatest. The 
material dissolved along the grain contacts, increasing with relatively higher stresses, is 
redeposited in stress-free pore spaces. The amount of the pressure solution mainly 
depends on the depth of burial, but also on the amount of matrix in the buried rock 
(Tucker, 1981). At a shallow depth of burial, and/or in rocks containing considerable 
matrix between grains, the weight of the sediment column is spread out and contact 
pressure (which is responsible for pressure solution) is relatively low. Moreover, pressure 
solution may cause some physical compaction, because a small amount of intergranular 
pressure solution removes material at the point of contact between 'grains, and allows 
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Fig. 8.3. Exponential porosity-depth curves for limestones and dolomites (from Schmoker 
& Halley, 1982). 
Through the mineralogical changes in carbonates by the dolomitization process, 
calcium carbonate alters to denser calcium magnesium carbonate and creates new voids. 
During compaction of partially dolomitic limestone, the dolomite crystals do not compact, 
and act as a frame, which resists further compaction. Rocks of more than 50% dolomite 
would be expected to retain some porosity, and this amount would increase with 
increasing dolomite content (Murray, 1960). 
8.4.2 Porosity-depth relationship in shales 
The second major rock type in the Agdabia Trough and Soluq Depression is shale. 
Commonly, mud is deposited under stable regional conditions. Under these conditions, a 
low energy shale depositional unit may develop over a long time period characterised by 
uniform thickness and facies. Although shales have no effective porosity, they contain 




porosity mainly depends on the amount of bound water and impurities, which is highly 
affected by the compaction processes. The porosity in clay sediments generally shows 
some differences from that of carbonates. One of these differences is the higher porosity 
of unconsolidated clays. The porosity of clay on the sea floor is known to be 70% to 80%, 
and decreases rapidly during the early stages of burial • (Fig. 8.4). Magara (1976b) 
discusses the relationship between porosity and transit time. He suggests that the transit-
time value for clay sediments will stay almost constant until porosity falls to 62 %. The 
transit time decreases after this stage as the amount of porosity decreases. The clay 
minerals family is classified into two main types: swelling and non-swelling clays. 
During compaction, the swelling clays expel the bound water which mainly occurs at 
interlayer spaces, and then convert gradually to non swelling clays (Powers, 1967; Tucker, 
1981). Non-expandable clays are characterised by relatively lower porosity values. 
Shale is strongly affected by the compaction processes, by which its bulk density 
increases. The density of overpressured shales is relatively small because of their under-
compacted condition. Permeability is the main factor in the development of overpressure 
zones in the overburden rocks, through the formation of impermeable sealing barriers. 
The impermeable sealing barriers are usually developed at the top of a lower density layer. 
Abnormal pressure zones occur due to prevention of the escape of water through 
compaction processes. Rubey and Hubbert (1959) suggest that two shale sequences at 
different depths of burial will have the same porosity values if their effective pressures are 
the same. 
8.5 Normal and abnormal porosity-depth relationship 
• The porosity-depth relationship in sedimentary rocks has been subjected to many 
studies (e.g. Rubey & Hubbert, 1959; Sclater & Christie, 1980; Magara, 1976a & b). 
Decreasing porosity with depth due to compaction processes, is the first thing to be 
considered when investigating the regional variations of porosity for most 
sedimentary rocks. Under pressure of the weight of overburden sediments, pore waters 
molt 
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Fig. 8.4. Schematic diagram showing; (a) the shale porosity-depth relation, and (b) the 
corresponding shale transit time-depth relation (after Magara, 1976b). 
escape and the sediment becomes consolidated. The sediments must lose some of their 
pore water to support the added load of sediment. At the early stage of compaction the 
water is gradually expelled and moves partially from the sediment. 
The incremental load of sediment is supported by the fluid pressure, and also by the 
mechanical strength of the grain to grain contacts. Generally, the fluid pressure inside the 
pore spaces increases until it reaches an equilibrium pressure state (normal pressure). In 
this stage, the pressure in the pore space is hydrostatic (Sclater & Christie, 1980). Under 
further sedimentation, the weight of overburden load increases, and the sediments become 
more compact with corresponding decreases in porosity. The leakage of the interstitial 
water from the pore spaces of the underlying rock will decrease due to decreasing 
permeability which makes a sealing barrier (Rubey & Hubbert, 1959). Consequently, the 
pressure inside those pores will increase to support the incremental loading, resulting in 
an abnormal pressure state. 
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The rate of fluid leakage from the pore spaces, and hence the development of an 
abnormal pressure state in the rock sequence, depends on: 
(i) the permeability of the surrounding rocks, which controls the expulsion of the fluids 
from the pore spaces and increases the pore pressure, (ii) the sedimentation rate of the 
overlying rock sequences. When the sediment load increases at a rapid rate, the rate of 
escape of the water decreases and an abnormal pressure zone is developed (Rubey & 
Hubbert 1959). 
Therefore, the average porosity of a rock sequence at a given depth is relatively high 
in abnormal pressure zones. However, at any depth of burial, the porosity and fluid 
pressure in the pore spaces are mostly dependent on one another. The rate of porosity loss 
with depth is consistent if the fluid pressure and overburden pressure increase at a 
constant rate. 
8.6 The observed porosity in the area 
Ten boreholes have been used in porosity analysis in the Agdabia Trough and Soluq 
Depression (Fig. 8.5). The porosity-depth plots for composite sections of different 
lithology in the area are shown in Fig. 8.6. For the purposes of easy identification, 
different symbols and colours represent each rock type in these plots. In these plots, some 
irregularity in porosity values has been observed. The porosity deviation seems to be 
strongly dependent on lithology and physical and chemical differences in the rock matrix. 
Also, this deviation could be due to the subjection of these lithologies to different 
strengths of diagenatic processes. However, these plots represent a generally consistent 
loss of porosity as the depth of burial increases. It is clear that the exponential function is 
the best fit for the porosity-depth relationship in all investigated wells, and that seems to 
represent the normal porosity-depth trend for any mixed lithology. 
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Fig. 8.5. Location map of the boreholes used in the porosity analysis. 
The porosity-depth plots in Fig. 8.6 generally show a rapid porosity loss at shallower 
depths, but slowly in the deeper. The significant loss of porosity in most wells took place 
mainly within the first 1000 in (3000 ft.). The observed rapid decline in porosity, in this 
depth interval, may result from decreasing primary porosity with depth. However, 
porosity scattering is relatively higher at the shallower parts of the wells. This scattering 
may be attributed to freshwater dissolution processes and the development of scattered 
secondary porosity in the form of cavities, holes and other karstic features. Leaching of 
near surface carbonate and precipitation at depth in a closed circulation system, is another 
reason for decreasing porosity with depth. In order to investigate the porosity distribution 
in the area, the following sections represent the porosity analysis of each rock type in the 
analysed wells. 
Limestone: From the porosity versus depth curves in the limestone intervals, two 
main phases of porosity reduction have been observed. Phase (i), which is characterised 
by wider range of porosity values, span from about 65% near the surface to about 30% at 
depth of I 000 (3000 ft.). This phase represents relatively high rate of porosity reduction 
of (3.5% per 100 in). In this interval mechanical compaction was probably the most 
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Fig. 8.6. The porosity versus depth plots for the composite lithological sections in 
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porosity values show a narrower variation deeper than 1000m (3000 ft.). This phase is 
characterised by a lower rate of porosity reduction (approximately 1.5% per 100m). 
Cementation and precipitation of materials from chemical compaction may have been an 
important factor responsible for the majority of the porosity loss in this phase, where 
mechanical compaction made little contribution to porosity loss once the rock was buried 
to this depth. 
Shales: The shale intervals represent a considerable range of porosity values in the 
Agdabia Tough and Soluq Depression. The variation in their porosity-depth relationship 
makes some difficulty in determining the shale porosity reduction rates. The environment 
in which the shale was deposited, and the response to subsequent diagenatic processes 
such as compaction and their resultant pressure condition, is considered to be the main 
controlling factors affecting the variation in shale porosity values. Also, the differences in 
silt content makes for a considerable variation in porosity values in shales (Schlurnberger, 
1974). 
Dolomites: The dolomites in the investigated wells are characterised by a very 
narrow range of low porosity values on average of 6%. However, well 11-4 1 exhibits 
considerably higher porosity values (approximately 16%). In the investigated wells, the 
dolomite does not represent a rapidly decreasing rate in porosity with depth as in 
limestone. This may be attributed to the fact that the dolomite crystal is more resistant to 
the compaction process than limestone. However, the dolomite porosity in the area 
appears lower than the limestone porosity. Halley and Schmoker (1982) observed that in 
the study of Cenozoic carbonate porosity of South Florida the amount of porosity loss in 
dolomites is largely due to the dolomite-forming mechanism. 
8.7 Exponential models for normally compacted rocks 
Unfortunately, there is no published study on porosity analysis in the area. 
Consequently, the porosity-depth model in this area was not known before the present 
study. In order to evaluate whether the rock sequence is under- or over-compacted within 
UIBI 
the rock column through the porosity-depth relation in the studied wells, a model of 
normal compaction trends has been built to compare them with the observed trends. 
For the equilibrium compaction condition, an exponential function has been 
established to represent the porosity-depth relationship. Rubey and Hubbert (1959) 
confirmed a general equation representing the porosity-depth relationship in normally 
pressured shale and mudstone, and it is written as follows: 
çbe 	 (8.4) 
where: 0,, is the porosity at any depth of burial z, 0 is the average original porosity at 
the time of deposition, and c is the compaction coefficient which determines the slope of 
the porosity-depth curve. The constant value c, for each type of lithology, can be 
established from a number of porosity measurements. The exponential function has been 
fitted to the normal porosity-depth relationship in different lithologies. An exponential 
model of porosity, as a function of depth, is found in chalks from the North Sea (Scholle, 
1977), and in limestones and dolomites of South Florida (Schmoker & Halley, 1982; 
Halley & Schmoker, 1982). Sclater and Christie (1980) established an exponential curve 
in normal pressured sections in the central North Sea for chalk, shale, sand and shaly 
sandstone. 
In this analysis, the porosity at the time of deposition (without any compaction), and 
the compaction coefficient which controls the slope of each curve, are determined from 
the published data for each lithology type. By using equation 8.4, an exponential 
relationship between the porosity of each rock type and the depth of burial is calculated. 
Based on this calculation, a model for porosity as a function of depth has been 
constructed. The values of parameters of depositional porosityØ and compaction 
coefficient c are shown in Table 8.2. The resulting porosity versus depth exponential 
fitted curves set up for limestone and shale in the investigated wells are shown in Fig. 8.7. 
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Table 8.2 Parameters used for construction of the exponential model for normal porosity as a function of 
depth (from Sclater & Christie, 1980 and Angevine et al., 1990). 




Limestone 50% 0.70xl0 3 m 
Shale 63% 0.51x10 3 m' 
Dolomite 51% 0.50x10 3 nf 1 
8.8 Comparison of porosity-depth trend with models 
The porosity in a formation is a function of its present depth only when that depth is 
its maximum depth of burial. The comparison of modelled normal compaction trends 
with actual compaction trends can be used to quantify zones of over-compaction and 
under-compaction in a rock column (Magara, 1976a & b). The porosity analysis in this 
chapter is basically based on the comparison of the observed shale and limestone 
regression lines with the normal porosity-depth model. The normal porosity-depth model 
represents measurements on 'pure' shales and limestones, which are believed to be at 
their maximum depth of burial. The difference between the two curves may allow any 
depth of burial anomalies to be identified through the rock columns in the Agdabia 
Trough and Soluq Depression. 
Fig. 8.7 shows plots of porosity data for individual wells in the area. In order to 
remove the effect of the lithology differences on the porosity-depth trend, the limestone, 
dolomite, and shale have been separated. These plots represent the observed porosity 
versus depth of burial trends, for each rock type, with their best fitted exponential curves. 
The observed porosity-depth curves are also overlaid by the established exponential 
normal porosity-depth trend for each lithology. The observed porosity-depth curves carry 
the symbol (i), and the model curves are carrying the symbol (ii). 
In the majority of wells, there is a good match in the limestone intervals between the 
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for some wells. The shale plots show lower correlation between the two curves. The 
absence of a thick sequence of shale in many wells may affect the fitted observed 
porosity-depth curve. Dolomite zones in the most wells represent one continuous interval 
(see Fig. 8.6). The absence of any dolomite intervals at shallow depths makes curve-
fitting a difficult task. The dolomites generally represent a uniform porosity-depth trend 
through the wells. However, dolomite porosity is not used for evaluating the compaction 
and overpressured sequences, because dolomite formed under different conditions and 
was subjected to a greater extent by diagenetic processes. 
8.8.1 The surface porosities, 0 . comparison 
The uppermost depositional sequences in the Agdabia Trough and Soluq Depression 
mainly consist of limestone deposited in the Lower and Middle Miocene periods. The 
comparison diagrams (Fig. 8.7) show the surface porosity, 0, in the limestone to be very 
close to the average depositional porosity in the normal compacted sequence, commonly 
within 5%. The surface porosity of the limestone in the area is expected to show a lower 
value compared with the porosity at the time of deposition. This is because it is Miocene 
in age and may have been subjected to compaction during burial. However, the 
development of secondary porosity through dissolution of the limestone is very active 
near the surface, which acts in a direction opposite to compaction. In this case, the 
development of secondary porosity compensates for the loss of porosity due to 
compaction. Moreover, in sonic logging, usually the wells are not logged in the upper 
parts, and therefore the surface porosity is found only by extrapolation. 
8.8.2 The apparent under-compaction of Lower Oligocene Sequence 
The Lower Oligocene sequence shale displays a higher observed porosity value when 
compared with the normal compaction trend for the majority of the wells in the area. Fig. 
8.8 shows the porosity-depth plots of the Lower Oligocene shales in selected wells. 
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Fig. 8.8. Porosity-depth plots of shale of the Lower Oligocene sequence in wells M1-41, B1-NC129 and L1-41, 
with possible explanation of the slightly high porosity values in the sequence. 
Above this boundary the porosity values decrease again to approximate the normal 
compaction trend throughout the sequence. In these wells, relatively low porosity values 
have been observed in the Upper Oligocene sequence. In well M1-41, the Upper 
Oligocene sequence represents a slightly low interval velocity (Fig. 4.3). However, well 
data show that shallow marine fossiliferous limestone is the predominant lithology in the 
sequence (see Chapter 7). Secondary porosity in this interval may constitute a significant 
part of the total porosity. Therfore the sonic log may reflect in lower porosity than the 
real formation porosity, by ignoring the secondary porosity effects (see Section 8.3.2). 
The observed porosity anomalies in the Lower Oligocene shale sequence may be 
attributed to the mechanism of bound water expulsion after deposition. The amount of 
water expelled from the sediment, due to mechanical compaction, affects the porosity 
distribution in the rock column. If a thick shale sequence has reached a normal 
compaction condition, but an additional load of sediment is deposited above this 
sequence, a higher pore-pressure is developed. The compaction is continuous from the 
lower part to the upper part, with expulsion of the pore water until the normal compaction 
condition is again reached. Magara (1 976a) studied the movement of the expelled water 
during sedimentation in the Tertiary sequence in the Gulf Coast area, and constructed 
models to determine the movement direction of pore water in interbedded sand-shale and 
massive shale sequences. He concluded that the main direction of water movement in the 
thick continuous shale is vertically upward (Fig. 8.9). In the equilibrium condition, the 
compaction of the sediment is increased if the pore water can escape from the sediment, 
i.e. if there is sufficient permeability. In the case of no or little permeability, increasing 
pore pressure will occur to support the extra vertical stress, i.e. the horizon becomes 
overpressured. Rubey and Hubbert (1959) suggested that under conditions of extremely 
rapid loading, the fluid pressure-overburden ratio increases with depth when the rate of 
escape of pore water is negligible compared with rate of application of new sedimentary 
load. 
In the Lower Oligocene sequence, the pore water may have moved from a higher-
pressure zone at the base of the shale sequence to the upper parts. There will be no 
significant water expulsion, if it is prevented from escaping by the rapid deposition of the 
overlying thick continuous limestone of the Upper Oligocene sequence. The sediment 
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accumulation rates calculation in this research indicate a high sedimentation rate during 
Late Oligocene time (see Chapter 9). This process causes the lower section of the Lower 
Oligocene sequence to lose a significant part of its porosity, and thus become more 
compacted and consolidated than the upper part. 
Basin Centre 	 Basin Edge 
4— —* 
Interbedded 
S and -S hale 
Massive 
S hale 
Fig. 8.9. Schematic diagram showing the main directions of water movement in both 
interbedded sand-shale and massive shale zones (redrawn from Magara, 1976a). Note the 
vertical upward movement of the water in the massive shale. 
8.9 Summary 
In this chapter porosity analysis was undertaken to evaluate and analyse the history of 
deposition of the sedimentary sequences of the Agdabia Trough and Soluq Depression. 
An identification of under- and over-compacted sequences in the area was also 
undertaken. The lithological study of the composite log displays limestone, shale and 
dolomite as the three major types of sedimentary rocks. The porosity analysis suggests 
considerable irregularity in the porosity values, which are largely dependent on lithology 
and the physical and chemical differences in the rock matrix. 
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The porosity-depth plots of the composite sections and individual lithologies 
generally follow published model trends. However, the observed surface porosity, and 
subsurface values, in the area represent higher values than would be expected of a rock 
deposited in the Middle Miocene. A reasonable explanation of the higher porosity in this 
interval may the development of secondary porosity through the dissolution of limestone 
which is usually very active near the surface. The development of secondary porosity 
compensates for the loss of porosity due to compaction in the subsurface. 
In order to evaluate whether the rock sequence in the Agdabia Trough and Soluq 
Depression is under- or over-compacted, using the porosity depth relation in the 
investigated wells, models of the normal compaction trends have been established to 
compare them with the actual porosity trends. A normal porosity-depth trend is 
determined by identifying porosity data that represent maximum burial in areas unaffected 
by overpressuring. The observed porosity-depth trend correlates closely with the normal 
ideal compacted sequence of each lithology type. In the limestone porosity plots, both 
curves are in broad agreement. The close match between the actual data trend and the 
model generally indicates normal compaction in the rock column. In fact, observed 
porosity is slightly higher than model porosity in the subsurface in limestone in nearly all 
of the wells. This result suggests that there has been no significant uplift and no deep 
effective erosion that might have created abnormal pressure zones in the rock column. 
Therefore, one of the most important and significant conclusions that are drawn from this 
analysis is that the results encourage the use of the published porosity-depth curves for the 
purpose of decompaction in the backstripping analysis in Chapter 9. 
Positive porosity anomalies relative to model trends are observed in the Lower 
Oligocene sequence in some wells, and reflect an overpressured zone in the sequence. 
The porosity values in the sequence show a slightly high porosity near the upper boundary 
of the sequence, higher than a normal compaction trend. This higher porosity value can 
be explained as being due to the expulsion of pore water during deposition, which has 
moved from a zone at the base of the shale sequence to the upper part of the sequence. 
The overpressure ultimately develops when the pore water in the rock is sealed in at the 
top of the formation. The rock is unable to compact because the pore water cannot escape 
at the same rate as load is added to the overburden of the rock. The additional load is 
316 
supported by pore water, and a pressure higher than hydrostatic pressure occurs. The 
rapid sedimentation of the Upper Oligocene limestones may be responsible for 






To attain the main objectives of the research, the reconstruction and analysis of 
the geological history of the basin is essential. The formation of the basin and 
substantial sediment accumulation result from crustal subsidence. This chapter deals 
with the results of the subsidence history analysis and evaluation of the tectonic 
basement subsidence in the hinge-line area between the Sine Basin and Cyrenaica 
Platform. The principal aim of this chapter is to better understand the tectonic 
framework of the basin and overall effect on the depositional pattern on the eastern 
margin of the Sirte Basin. 
The tectonic history of the eastern margin of the Sine Basin and the Cyrenaica 
Platform is poorly understood. The area of study contains a very thick preserved 
sequence of sedimentary rocks of predominantly shallow marine origin ranging from 
Late Cretaceous to Tertiary in age (Chapter 7). Geological and geophysical data from 
a number of exploration wells and many seismic surveys provide encouragement for 
understanding the structural and stratigraphic history of the area. 
The present study represents the syn- and post-rift tectonic development of the 
eastern Sine Basin and quantifies the subsidence pattern which has occurred since the 
Late Cretaceous. Furthermore, it evaluates the factors that controlled the sedimentary 
depositional pattern during the Late Cretaceous and Tertiary. A regional study carried 
out by Gumati and Kanes (1985) indicates that the subsidence in the Sine Basin 
continued throughout the Tertiary. Geohistory analysis in the central and western 
Sine Basin shows the maximum subsidence rate occurred in the basin during the 
Palaeocene and Eocene periods. A high sedimentation rate was contemporaneous 
with this subsidence. As a result a thick sequence of marine sediments was deposited 
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in the trough areas during the Palaeocene and Eocene periods. Gumati and Nairn 
(1991) suggest that the stretching factor (f3: in the range of 1.1 to 1.75), corresponds to 
an extension of 10-75%, with an average of less than 50%. 
The subsidence analysis technique used in this study has been discussed by 
Steckler and Watts (1978), Sciater and Christie (1980), Guidish ci' al. (1985), Allen 
and Allen (1990) and Angevine ci' al. (1990). Van Hinte (1978) demonstrated the 
application of geohistory analysis as a method of estimating subsidence history. The 
analysis basically involves removing the effects of sediment compaction by a 
decompaction process and progressively removing (backstripping) the effect of 
sediment layer and water layer loading on basement subsidence. To make a detailed 
analysis, some factors that influence subsidence must be estimated. These are 
paiaeobathymetry, sediment compaction and sea level changes (Section 9.3). 
Subsidence and sedimentation histories from nine exploration wells and seven 
pseudo-wells have been determined. Subsurface stratigraphic data from these wells 
are the main source of information used in the generation of subsidence curves and a 
series of subsidence contour maps. 
9.2 Subsidence mechanisms 
The Sirte Basin is a Mesozoic rift basin with a tectonic history much like that of 
the North Sea. Extensive studies have addressed the subsidence of such extensional 
basins, formed by stretching of the crust and lithosphere followed by a phase of 
thermal subsidence. The two-phase model of McKenzie (1978) is the basis of any 
extensional basin formation (Fig. 9.1). The first phase of the model is a rapid 
mechanical extension causing thinning and faulting of the continental lithosphere. 
The second phase is related to the cooling and thermal equilibration of the thinned 
lithosphere. The latter phase returns the lithosphere to its equilibrium thickness. This 
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Fig. 9.1 Diagram showing the principle features of the stretching- subsidence model after 
McKenzie (1978). a) Initial state is in which the lithosphere is in thermal equilibrium. b) 
Uniform stretching, where the crust and subcrustal lithosphere are extended and thinned by 
the same amount (initial subsidence phase). c) Long-term cooling of the lithosphere following 
the rapid extension (thermal subsidence phase). 
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continues for a theoretically infinite time. Thus the predicted rate of thermal 
subsidence decreases exponentially with time according to a time constant of about 
50-60 my, but it is amplified by sedimentary loading (Watts, 1981). The combined 
effects of the palaeobathymetry, eustatic sea level and the mechanism of sedimentary 
compaction all contribute to the subsidence pattern to varying amounts. 
There are two isostatic responses to sediment loading, Airy or local type isostasy, 
and flexural isostasy. In the Airy-type model, the lithosphere is only supporting the 
weight of the sedimentary column directly above it, which means that the lithosphere 
has zero lateral strength. In the flexural model, the lithosphere supports both local and 
surrounding loads. In this model, sediments infilling the basin during and 
immediately after rifting would be expected to load a relatively hot and weak 
lithosphere while later sediments would load a relatively cool and strong lithosphere. 
In the McKenzie (1978) model, the rigidity of the lithosphere increases with time. 
This explains certain tectonostratigraphic features of well sedimented passive 
margins, such as an outer stratigraphical high, a hinge zone and a coastal plain in 
which younger sediments progressively onlap basement (Watts, 1981; Steckler & 
Watts, 1982) (see Chapter 11). The magnitude of the tectonic subsidence on basin 
margins is slightly larger and in the basin centre is slightly smaller for the flexural 
models than for the local loading model, because in the flexural models the 
lithosphere response to sedimentary loads in the centre of the basin extends over a 
broad area of margin. 
The simplest approach to remove the effects of sediment loading is by assuming a 
simple local isostatic model. Backstripping using an Airy model maximises the loading 
effect, because, in reality the lithosphere has flexural rigidity that provides lateral strength 
to distribute and support some of the load (Steckler & Watts, 1978; Watts, 1982). The 
local loading model is most applicable to rift basins and is based on the assumption that 
all the sediments formed on a relatively weak plate. In the subsidence history of the 
hinge-line area between the Sine Basin and Cyrenaica Platform, the effects of sediment 
loading have been removed assuming Airy isostatic compensation. However, this is only 
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a preliminary study and a factor, 0 (Allen & Allen, 1990), can be applied to results of 
well analysis to obtain an appreciation to the affect of flexure. 
9.3 Backstripping methodolgy 
The backstripping technique is a quantitative technique in the geological analysis 
of sedimentary basins (e.g. Steckler & Watts, 1978; Sclater & Christie, 1980; Watts 
1981; Guidish et al., 1985). In order to determine the subsidence of the eastern 
margin of the Side Basin as well as to discriminate between the various mechanisms 
controlling subsidence, the backstripping technique has been used in this study. This 
technique is basically used to separate the subsidence of the sedimentary basin caused 
by sediment and water loading, from that caused by the tectonic driving force. 
To show the subsidence history in the sedimentary column, the sediment loads on 
the basement are progressively removed layer by layer to calculate the basement depth 
through time, repeating the process until all units have been moved to the surface. To 
do this, the following information is needed: the lithologies and densities of each 
stratigraphic unit, and their thickness and depth as a function of time. A number of 
corrections must be carried out on the observed sedimentary sequence for the 
geohistory analysis. The effects of compaction, palaeobathymetry, and sea level 
changes must be evaluated and corrected. The basic steps for the analysis in this study 
are as follows. 
9.3.1 Input data preparation 
The geohistory analysis technique requires information on stratigraphy, 
palaeobathymetry, and changes in sea level through the time of basin development. 
The basic sources of this information are subsurface stratigraphic data from nine 
exploration wells. These wells were drilled on the shelf margin near the hinge line 
between the basin and the platform, and provide a relatively good record of 
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subsidence following rifling of the margin. The basin margin between the Agdabia 
Trough and the Cyrenaiea Platform contains at least 7 km of predominantly shallow 
marine sediments. The lithologies of the penetrated sequence are mainly alternations 
between limestones, dolomites and shales. 
In order to reconstruct the sedimentary history developed during the evolution of 
the basin using the backstripping procedure, the stratigraphic sequence has to be 
prepared. Based on biostratigraphy and well log correlations, the wells were 
subdivided into stratigraphic units. The subdivision of the stratigraphic sequence is 
demonstrated in Fig. 9.2. As the procedure requires that the stratigraphy of the basin 
be reconstructed for different intervals of geological time, it is subdivided into a 
number of units, and the lithologies, simplified into limestone, dolomite and shale, are 
assigned to age units. 
Most of the wells in the area terminated before reaching the completely 
compacted basement. None of the available wells penetrate the completed 
chronostratigraphic section of the Late Cretaceous sequence. Also the boundary 
between the basement and the Late Cretaceous on seismic profiles is not clear, causing 
difficulties in determining the unit thickness from converted reflection seismic data. 
Therefore, the total thickness of the Late Cretaceous unit is estimated using regional 
geological information. The total Late Cretaceous sequence is simply assigned an 
undifferentiated age in this analysis. The assumed thickness is 2500 in and the 
lithology is assumed to be limestone in all wells. However, due to the lack of 
complete information about the whole section of the Late Cretaceous unit, a number 
of sensitivity tests for thickness and lithology have been carried out (Section 9.7). The 
depths to Late Cretaceous and Palaeocene units, in some wells, have been estimated 
by depth conversion of reflection seismic lines passing through these wells using 
calibrated velocities (see Chapters 4 & 5). Most velocities used to convert the 
reflected time to depth are derived from the seismic stacking velocity. 
The uppermost rock sequence in the area belongs to the Middle Miocene period, 
and is marked by an unconformity, which occurred after the deposition of the Middle 
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Fig. 9.2. (a) Example of data preparation, simplified stratigraphic section and the data to be used 
in the backstripping and (b) uncorrected depth to basement curve in well A1-NC129. 
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amount of section missing and hence the amount of subsidence or uplift during that 
time a decision was made to treat unconformities as a time of zero sedimentation. 
This will have the effect on the decompacted thickness of the Middle Miocene unit. 
The ages of the stratigraphic units used in this analysis are based on the 
biostratigraphic data extracted from the composite logs and well reports. For 
geohistory analysis, the absolute time of the boundary of each stratigraphic unit must 
be assigned. There are a number of different published absolute timescales. Table 9.1 
shows a comparison between the geological timescales of Haq et at (1988), Harland 
et al. (1990) and Cande & Kent (1992) for the Late Cretaceous and Tertiary periods. 
From this table, we note there is no significant difference between these time scales in 
the Late Cretaceous and Tertiary periods. Therefore, obviously, this variation will not 
significantly affect subsidence analysis plots. In this analysis, the absolute time scale 
at the stratigraphic unit boundaries has been calibrated based on the 
chronostratigraphic scale of Harland et al. (1990) which is widely used in the oil 
industry. 
Fig. 9.2a, illustrates the simplified lithological column of one of the investigated 
wells into a number of stratigraphic units. Each of these units is assigned a bulk 
lithology, depth, palaeo-water depth, and numerical age. The stratigraphic depths are 
calculated from the present-day mean sea level. Ignoring compaction effects, Fig. 
9.2b shows the depth to the basement against geological time. The data set of each 
investigated well is summarised as in the Appendix 2(a). 
Table 9.1. Absolute timescales of Haq et at (1988), Harland et at (1990), and Cande 







Cande & Kent 
1992 
Pliocene 1.65 1.64 1.9 
Miocene 5.20 5.20 5.40 
Oligocene 25.20 23.30 23.90 
Eocene 36.00 35.40 33.60 
Early Eocene 49.00 50.00 49.00 
Palaeocene 54.00 56.50 55.00 
Late Cretaceous 66.50 66.00 - 
Early Cretaceous 9600 97.00 - 
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9.3.2 Sediment decompaction 
Compaction is defined as the reduction of pore volume in sediments under load. 
All sedimentary rocks are deposited with an initial porosity and are subjected to 
compaction. Under the weight of overburden sediments, water escapes from pore 
spaces and the sediment becomes consolidated. Dewatering of the sediment and a 
closer packing of grains is considered as the first step in the compaction. Also, more 
compaction through overburden pressure results from plastic deformation of the weak 
grains and reduction of the volume of pore space between the ductile grains. There is 
also loss of porosity by cementation, which can in fact, prevent compaction. 
Generally, the compaction of a sediment is controlled by lithology, age, rate of 
sedimentation and loading, and pore pressure (see Chapter 8). 
Compaction leads to the reduction in thickness of sedimentary units durhg burial. 
Therefore, the preserved stratigraphic unit thickness is not the original thickness at the 
time of deposition. Although any compaction history is likely to be complex, being 
affected by lithology, overpressuring, diagenesis and other factors (Allen & Allen, 
1990), it is possible to correct the effects of the sedimentary compaction on the 
calculation of subsidence of the basement. The sediment thickness for the total 
sedimentary succession through time must be calculated. Decompaction of 
sedimentary sequences is used to evaluate the changes in thickness of layers during 
burial history. In order to restore the original thickness of buried and compacted units, 
the uppermost layers are progressively removed, allowing underlying units to be 
decompacted toward their original thickness. 
To calculate the compaction effect, it is necessary to have a model of the change 
in porosity of the rock sequence with depth. The porosities are variable and depend 
on the variations in lithology, overpressure and undercompaction, cementation, etc. 
but in general decrease with depth of burial. Chapter 8 deals with porosity-depth 
relationships in the area, and includes a comparison of the observed porosity depth 
curves for different lithologies with the model curves for each type of lithology. It is 
clear that the exponential function is the best fit for the maximum decrease of porosity 
with depth of burial in all investigated wells, and seems to represent the normal 
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porosity-depth trend for any lithology. Due to the reasonably good agreement 
between the observed porosity and the theoretical model, normal porosity depth 
curves of Sclater and Christie (1980) are used to decompact the loaded sediment. The 
model of Sclater and Christie is based on the porosity-depth relationship of Ruby and 
Hubbert (1959) which can be represented by: 
n 
Where 0 is the porosity at depth z, 00 is the porosity at zero depth, and c is constant 
for each lithology type. 
Sliding the stratigraphic units up the normal porosity-depth curve for the 
appropriate lithology allows decompaction of the sedimentary pile. Along these 
curves, the stratigraphic units in the wells are decompacted one by one, starting from 
the top and allowing the underlying sequence to decompact. Then it is simply matter 
of repeating the process until all units have been moved to the surface. For 
decompaction of the sedimentary pile, an important assumption is that the basement is 
fully compacted. In this analysis, the older units were assumed to be completely 
compacted prior to the Late Cretaceous period. 
In order to calculate the decompaction effects for each stratigraphic unit in the 
sedimentary sequence, and to repeat this calculation for a large number of wells, a 
computer program was developed by Dr. Jon Turner (Department of Geology and 
Geophysics, Edinburgh University). The program is designed to calculate the tectonic 
subsidence and the rate of sedimentation for each stratigraphic unit. The data files and 
results can be plotted on a diagram using the Uniedit and Unigraph of the Uniras 
graphic system. 
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9.3.3 Palaeobathymetry correction 
Palaeobathymetry is the depth of water at the time of deposition of the 
stratigraphic unit. Estimation of the palaeo-water depth is an important correction to 
tectonic subsidence evaluation if the datum of the present day sea level is to be used 
throughout. Through geological time, the sediments do not necessarily fill the basin 
to sea level, and, therefore, the water column also represents a load on the basement. 
If we estimate the palaeo-water depths through time, we can add this depth to the 
decompacted thickness of the stratigraphic units to calculate the correct tectonic 
subsidence of the basement. 
The most common palaeobathymetry indicators are sedimentary facies analysis 
and micropalaeontological assemblage data. The micropalaeontological indicator is 
simply based on the use of present day environments as a guide to the ancient 
environment. Chemical factors such as salinity and pH and physical factors such as 
temperature and light are the basis of these comparisons. However, estimation of 
changes in water depth through geological time is difficult and constitutes a 
significant uncertainty in the tectonic subsidence calculations (Angevine et aL, 1990). 
Although the distribution of some specific microfossil species seems to be directly 
related to water depth, the availability of direct depth indicators is limited (Van Hinte, 
1978). Therefore, inaccuracies in water depth estimation can be expected. However, 
in marine conditions, as in our case, the shelf water depths are known with more 
certainty than those of deeper water environments. Most of the stratigraphic units in 
this analysis consist of shallow marine deposits. 
In this analysis, the palaeobathymetry information for the studied area was based 
on internal (unpublished) micropalaentological reports by the Laboratory Section of 
AGOCO. The micropalaeontological analyses were carried out on cutting samples 
and thin sections for dating and palaeoenvironment analyses of given intervals. A 
microfauna consisting mainly of planktonic foraminifera, sometimes together with 
ostracodes and large foraminifera in most of the backstripped sequences suggests 
deposition in a generally neritic environment. At the same time, towards the 
southwestern part of the area, open shelf to open marine conditions are expected. 
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Generally the backstripped units were deposited at depths between inner and 
outer shelf settings. According to the palaeobathymetric scale of Ingle (1980) this 
environment ranges between 50 and 150 in water depth (Fig. 9.3). For the Upper 
Cretaceous and Palaeocene sequences, the minimum water depth is estimated to have 
been zero. However, because of the uncertainty in palaeo-water depth determinations, 
a range of depth is given for each sample. The minimum and maximum water depths 
in each well are displayed vertically on the subsidence curves presented here. 
9.3.4 Eustatic sea-level changes 
Present day sea level is the datum from which all subsidence has been calculated, 
and therefore, eusiatic sea level should be accounted for. 'Inc fluctuation of sea level 
in any area is a result of two main factors: eustatic changes in sea level and local 
tectonic movement of the crust. Sea level is believed to have changed through 
geological time (e.g. Vail et al., 1977; Pitman, 1978; Haq et at, 1987). In the 
literature, there is some argument about the magnitude and frequency of these 
changes. 
Vail et at (1977) produced a sea level change curve based on inter-regional 
stratigraphic studies. This curve showed a rise of 350 in in sea level in the Cretaceous 
followed by a gradual fall to the present day. Pitman (1978) estimated the changes in 
sea level datum based on the volume changes in the mid-ocean ridge system, and 
interprets a significant fall in sea level since the Middle Cretaceous. In fact, there are 
agreements between the two curves on the timing of first-order sea level changes due 
to the oceanic ridge volume and glaciation and deglaciation. Higher frequencies in the 
eustatic sea level curves are attributed to regional tectonic events and glacial and 
interglacial cycles. Haq et al. (1987) calculated sea level changes using 
chronostratigraphic, magnetostratigraphic and biostratigraphic data from sedimentary 
basins in different parts of the world. Their curve demonstrates a maximum rise of 
250 m in the Late Cretaceous. In this analysis, however, due to the lack of agreement 
over the magnitude and frequency of sea level fluctuations and uncertainties in the 
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Fig. 9.3. A palaeobathymetric scale, and classification of marine benthonic environments (redrawn from Ingle, 1980, 
and Angevine et al., 1990). 
published curves, the sea level changes have been considered constant through 
geological time. 
9.4 Tectonic subsidence calculations 
Removing the effect of sediment load on basement subsidence is the main step in 
the backstripping technique (Fig. 9.4). The effect of the compaction, and 
palaeobathymetiy have been evaluated and corrected. The main aim of the 
backstripping and unloading technique is to separate the subsidence of the 
sedimentary basin caused by sediment and water loading from that caused by the 
tectonic driving force. When subsidence due to sediment loading is removed, the 
residual subsidence is thought to reflect the true tectonic driving force. In fact the 
tectonic basin subsidence is an estimate of the depth to basement loaded only by 
water. 
According to Steckler and Watts (1978), the equation for calculation of the 
tectonic subsidence of water loaded basement (without the sedimentary loads) can be 




L(pm -)i 	(p -)i 	
(9.1) 
Where S * is the original sediments total thickness, Wd is the thickness of the water 
column, ASL  is the difference in sea level from present day, Pm 1S the mantle 
average density, p is the water density, and p 5  is the sediment average density (Fig. 
9.5). The final result of the calculation is a determination of the depth to basement 
(subsidence) without the effects of the sediment load. All depths are relative to one 













Fig. 9.4. Simple diagram to explain the method of compaction correction 
technique. 
Loaded Section 	Unloaded Section 
Sea Level 
WdI 
4 ly  
Fig. 9.5. Schematic diagram of loaded sedimentary section and an unloaded 
(backstripped) sedimentary section. The parameters are explained in the text 
(after Steckler & Watts, 1978). 
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9.5 Pseudo-well construction 
Good stratigraphic and palaeobathymetry control is required in order to generate 
basement subsidence curves and to investigate the variation in this subsidence. Well 
data is the main source of information used for the determination of subsidence 
history in the area. The wells used in this study were drilled for hydrocarbon 
exploration. Most of these wells were drilled on the platform, and there is a lack of 
wells drilled in the deep basin. Well 11-41 is located approximately on the hinge-line 
between the platform and the basin. This limited well data will not produce a 
comprehensive basement subsidence analysis. Therefore, using the available seismic 
data, seven pseudo-wells have been constructed. Along two geoseismic dip profiles, 
NC129-87-08 and NC129-87-24, the location of these wells are selected. PW1 and 
PW2 wells were selected on seismic section NC129-87-08 and PW3, PW4, PWS, 
nrlrr _j -nnrn --- -------- -------% Tfl12
/9-87   flA 	mu 	
nr - - - - -- -- - - -- --' 1 	3 
r nfl) aiiii r"47 I 011 seismic SCCLIOII 1NLi -L't. tathe .h IVCS tuese wells 411U 
their locations on the seismic lines. 
Table 9.2 The pseudo-well names and the shotpoint number on the seismic lines at which the pseudo-
wells are constructed 
Pseudo-Well Name Seismic line Shotpoint Number 
PWI N029-87-08 325 
PW2 NC129-87-08 643 
PW3 N029-87-24 237 
PW4 NC129-87-24 362 
PW5 N029-87-24 552 
PW6 NC129-87-24 714 
FW7 N029-87-24 868 
At these hypothetical well sites, the depth to the top of each backstripped 
sequence is obtained from the depth conversion of the seismic data, while the 
lithology in these wells is interpolated or extrapolated from the nearby real wells 
(Appendix 2(b)). Chapter 4 presents a complete and very detailed velocity analysis 
that summarises velocity information derived from both seismic and well data. Good 
velocity information based on a number of wells and seismic reflection data helps to 
produce reliable depths to the top of each sequence (see Chapter 5). The 
chronostratigraphic columns in these wells are subdivided into a number of units, 
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which are progressively backstripped one by one for decompaction. The locations of 
these wells will help in comparing the nature of the basement subsidence in the basin 
with that of the platform. 
9.6 Subsidence curves 
The subsidence analysis of the eastern margin of the Sirte Basin with the 
Cyrenaica Platform is pursued by constructing a set of curves for the total and tectonic 
subsidence and sediment accumulation rates through time. Total and tectonic 
subsidence curves were obtained for sixteen wells in the hinge-line area between the 
basin and the platform. The curves have been plotted using the Unigraph and Uniedit 
software of the Unitas Graphic System. These curves can be used to interpret the 
mechanism of subsidence and the timing of subsidence events since the Late 
Cretaceous period. In particular, they should highlight the differential subsidence of 
the platform and the basin. 
9.6.1 Total subsidence curves 
The total subsidence is reconstructed and plotted as depth to basement versus 
absolute geological time. Basement total subsidence is the sum of the fault-controlled 
subsidence (tectonic subsidence) and thermal and sediment load subsidence. For each 
geological time step, the total subsidence relative to present day sea level, taking into 
account the water depth of deposition and the thickness of sediment deposited in this 
time, has been calculated. 
Fig. 9.6 shows a set of total subsidence curves constructed for the wells under 
investigation. The total subsidence curves reflect the two factors causing basement 
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Fig. 9.6 Total subsidence curves and sedimentation rate histograms constructed for nine exploration wells and seven pseudo-wells in the 
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Fig. 9.6 Continued. 
and minimum water depth calculations (error bar) are included for each curve. Also, 
these plots contain the histogram of sedimentation rates corrected for compaction. 
The steps in the curves result from the spacing of the sampling interval. The smaller 
the time interval, the more detailed the resultant subsidence curve. In the Late 
Cretaceous, a relatively large time interval has been chosen due to the lack of 
chronostratigraphic information within this period in the area. Due to this limitation of 
the data, the Late Cretaceous period appears to have occurred as a single phase of 
subsidence. 
However, these plots clearly show a phase of rapid subsidence in Late Cretaceous 
time followed by relatively slower subsidence in the Tertiary. Generally, the curves 
indicate that the subsidence rate was rapid during the initial rift subsidence phase and 
exponentially decreased during the later time. It is clear that in most wells the overall 
subsidence rate of the Palaeocene was slgnlficantly less than the Late Cretaceous 
subsidence rate. However, in the pseudo-wells PW1, PW3, and PW4, which are 
located toward the basin depocentre, a relatively higher basement subsidence rate has 
been observed. The majority of the wells show slow subsidence during the 
Palaeocene. In well M1-41, which is located on the southeastern part of the platform, 
the basement total subsidence is represented by a very slow rate in this period. 
Flattening of the subsidence curves and very low sedimentation rate indicates this 
abrupt slow down in subsidence. 
During the Early Eocene, the total basement subsidence rate in the area can be 
divided into two parts. In the most northern wells (A1-NC129, B1-NC129, C141, Li-
41, R1-41, and PW4) a relatively slower subsidence rate occurred. An abrupt slow 
down in subsidence is observed in well 11-41 indicated by a nearly horizontal 
subsidence curve for this period. In contrast a rapid subsidence rate is observed in the 
southern wells. A high sedimentation rate was contemporaneous with this rapid 
subsidence. The maximum total subsidence is found in wells PW2, PW3, PW5, and 
PW6. The majority of the wells show rapid subsidence during the Middle Eocene. 
The southern and southwestern wells (PW1, PW2, PW3, PW4, PW5, PW6 and Ml-
41) show a relatively slower basement subsidence rate during this time. 
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This variation in the Middle Eocene subsidence rate regionally is followed by a 
rapid subsidence rate in the Late Eocene in most wells. The maximum subsidence 
rate for the Late Eocene is found in well 11-41. The Early Oligocene in most wells 
shows a slower basement subsidence rate than the Late Eocene period. In contrast, 
two wells, PW1 and PW3, show a relatively higher subsidence rate in Early Oligocene 
time. In the Late Oligocene the subsidence curves over the area demonstrate a 
consistent subsidence rate. A slow subsidence rate is clearly seen in Early and Middle 
Miocene time in most wells. Some wells toward the basin depocentre show relatively 
higher subsidence rates during these time intervals. However, regardless of the time 
duration, the difference in basement subsidence magnitude indicates differential 
subsidence of the basement blocks. In fact, the true basement subsidence is better 
understood when the sediment loading affect is removed (Section 9.6.2). 
9.6.2 Tectonic subsidence curves 
The total observed basement subsidence curves constructed in the previous 
section include the contributions of the tectonic diriving force and sediment and water 
loads. In order to interpret the tectonic process causing the basement subsidence, the 
effect of the sedimentary column load should be removed. Fig. 9.7 shows a set of 
tectonic subsidence curves constructed in nine exploration wells and seven pseudo-
wells. These curves are corrected for sediment loading and water depth after allowing 
for decompaction. The comparison between the total subsidence curves (Fig. 9.6) and 
these curves shows that the sediment loading correction affects the magnitude more 
than the shape of the curves. From these plots, it is clearly seen that the sediment 
loading accounts for approximately one-half of the total subsidence. Although 
sediment loading contributes in a major way to the total basement subsidence, there is 
a large residual subsidence as a result of the tectonic driving force. 
Generally, the tectonic subsidence curves in the Agdabia Trough and Soluq 
Depression show a decreasing rate of subsidence with time. This would be expected 
at a passive margin for which cooling and thickening of the lithosphere is the primary 
subsidence mechanism (Steckler & Watts, 1978; Royden & Keen, 1980; Royden et 
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Fig. 9.7 Tectonic subsidence curves constructed for sixteen exploration and pseudo wells in the area of study. These curves are corrected for 
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Fig. 9.7 Continued 
al., 1980). Subsidence in the area begins rapidly in the Late Cretaceous period and 
then abruptly slows down. During the Late Cretaceous, the tectonic subsidence curve 
shows a single phase of subsidence due to limitation of chronostratigraphic data. The 
Palaeocene tectonic subsidence in the area represents a significant variation in the 
rate. Very slow subsidence rates have been seen in most northern and northeastern 
wells. The subsidence during the Palaeocene shows a minimum in well M1-41, which 
demonstrates an obvious flattening in the curve. The wells toward the basin 
depocentre (11-41, PW1, PW3, and PW4) clearly show a relatively higher tectonic 
subsidence rate during this period. 
During the Early Eocene, the tectonic basement subsidence curves generally 
indicate a consistent subsidence rate in most of the investigated wells. The subsidence 
curve of well 11-41 shows a remarkably flat curve. The flattening of the curve 
indicates very low or no subsidence occurred in this well. During the Early Eocene, 
the maximum tectonic basement subsidence of 1660 m is observed at well PW3 
located toward the basin depocentre. Very consistent subsidence rates are clearly seen 
in all the wells during the Middle Eocene time. The constant rate of subsidence is 
following by a relatively rapid tectonic subsidence rate during the Late Eocene. 
Marked periods of rapid subsidence occurred during the Late Eocene over the entire 
area. During this time, more than 2100 m of basement tectonic subsidence was 
observed at well PW3. An exponential decrease in the subsidence rate is clearly 
observed in the rest of the curves. A slow-down of subsidence rate marks the 
subsidence curves during the Early and Late Oligocene intervals. During the Early 
Oligocene the minimum basement subsidence of 1599m is observed at well MI-41. 
During the Late Oligocene the minimum basement subsidence of 1701 m is observed 
at well R141. The same pattern of slow subsidence continues through most of 
Miocene time. 
9.6.3 Sedimentation rate histograms 
Generally, sediment accommodation space is generated by a number of basement 
subsidence processes: 
345 
as a result of tectonic subsidence which causes the basement to subside, 
as a result of flexural basement subsidence due to the sediment load driving 
force. 
as a result of sediment compaction generating further space. 
The sediment accumulation rates are calculated by dividing the thickness of the 
sedimentary unit by the absolute time interval of the deposition of this unit. In the 
case of the correction for compaction, the sedimentation rate is calculated assuming a 
simple exponential porosity/depth function using the Van Hinte (1978) equation; 
T(1—Ø) 	
(9.2) 
Where P. is the sedimentation rate  in rn/my, .T is the (corrected for compaction) 
thickness in meters, t is the time interval in million years, 0 is the observed porosity 
and 00  is the depositional porosity. 
Fig. 9.8 shows a set of histograms of sedimentation rates through geological time 
corrected for compaction in the investigated wells. During the Late Cretaceous, the 
sedimentation rate appears to be constant in all investigated wells. This constant 
sedimentation rate is due to assuming a constant thickness and lithology of the 
sequence. The assumed thickness is 2500 m and the lithology is assumed to be 
limestone in all wells. A number of sensitivity tests for the thickness and lithology of 
the Late Cretaceous unit have been carried out later in Section 9.7. 
In the Palaeocene a low sedimentation rate is observed in most wells. The 
minimum sedimentation rate is clearly seen in the M1-41 histogram, and a relatively 
higher sedimentation rate is found in PW1, PW2, PW3, and PW4. During the Early 
Eocene a low sedimentation rate is observed in the majority of investigated wells. A 
very low sedimentation rate occurs in well 11-41. A significantly higher 
sedimentation rate is observed in PW1, PW2, PW3, and PW5. Relatively consistent 
sedimentation rates in all wells is characteristic for the Middle Eocene time interval. 
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Fig. 9.8 Set of histograms showing the sedimentation rates corrected for compaction 
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Fig 9.8 Continued. 
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Late Eocene. During the Early Oligocene a slower sedimentation rate is observed in 
most wells. Relatively higher sedimentation rates marked the Late Oligocene and 
Miocene. Generally, the plots reflect an increasing sedimentation rate through the 
geological time towards the basin depocentre. 
9.7 Sensitivity tests 
The data needed to construct the subsidence curves are the geological ages of the 
stratigraphic units, their observed thicknesses, and the lithology of each unit. As 
already discussed in Section 9.3.2, older units were assumed to have been completely 
compacted prior to the Late Cretaceous. Unfortunately all of the wells in the area 
terminated before reaching the completely compacted basement. Furthermore, the 
boundary between the basement and the Late Cretaceous is not clear on the seismic 
profiles in the area. However, it is not possible to ignore the effect of the Late 
Cretaceous sediments on the subsidence of the basement in the area. In this study, an 
estimation of the complete section of the Late Cretaceous sequence has been made by 
comparison with nearby wells, regional trends in thickness variation and regional 
isopach maps. Therefore, due to the lack of accurate information about the whole 
section of the Late Cretaceous sequence in the area, a number of sensitivity tests have 
been done. These tests include two tests for thickness and two tests for lithology. 
Thickness Tests: The deepest well drilled in the area is A1-NC129. The 
thickness of the penetrated section of the Late Cretaceous in this well is only 1457 in 
(4780 if). P1-41 is an exploration well located to the east of the area of study with a 
2424 in (7954 if) penetrated section of the Late Cretaceous sequence. The regional 
geological study of El-Arnauti and Shelmani (1985) indicates that the thickness of the 
Late Cretaceous increases toward the Agdabia Trough. Therefore, from this 
information the thickness of the Late Cretaceous sequence is assumed to be 2500 m 
(8202 if) in the first test and 3000 in (9843 if) in the second test. 
Lithology Tests: The predominant lithologies deposited in the area during the 
Late Cretaceous and Tertiary are carbonates and shales. The lithologies in this 
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analysis, taken from composite well logs, have been simplified into three main types: 
limestone, shale and dolomite. The lithologies of the penetrated Late Cretaceous 
sequence are mainly limestone and shale. Sliding up the specific lithology with a 
normal porosity-depth curve provides decompaction of the sedimentary pile. The first 
test is presumed to be a complete limestone sequence, and thus assigned the porosity-
depth relationships of limestone. In the second test the Late Cretaceous sequence is 
presumed to be a complete shale sequence, and a normal shale porosity-depth 
relationship is assumed. 
A set of subsidence curves has been constructed for some selected wells in the 
area. These plots show the total basement subsidence assuming the previous 
thickness and lithology assumptions (Fig. 9.9). In test (a), a 2500 in shale section was 
assumed; 3000 in of limestone section was assumed in test (b), and 3000 in of shale 
section was assumed in test (c). The analysis of these tests shows that the shapes of 
the overall curves are similar in all the tests. The difference appears to be in the 
magnitude of the total basement subsidence. In the case of the test (a) and test (c), 
where the shale section is assumed, the curves show a slower subsidence rate than in 
the limestone case. This may be attributed to the higher porosity values in clays, 
where this sediment is highly affected by compaction. In test (b), where a 3000 in 
thickness of limestone is assumed, the curves show a relatively higher total subsidence 
rate than in the ease of 2500 in thickness. Therefore these tests determine the possible 
magnitude of error and the effect on the exponential shape of the subsidence curves. 
9.8 Geohistory maps 
Once the geohistory data has been established at each investigated well, the next 
aim is to produce contour maps of subsidence and sedimentation rate for each 
geological period in the area. The subsidence and sedimentation rate maps can be 
used to evaluate the geological and tectonic history of this area. These maps are 
constructed for sediments of Palaeocene age and younger. Limited stratigraphic data 
availability makes it impossible to map the basement subsidence for Late Cretaceous 
within the basin. Sets of maps are generated which include: basement total 
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Fig. 9.9 Continued. 
subsidence maps, tectonic subsidence maps and sedimentation rate maps. The Z-
MAP Plus mapping and modelling system software of ZYCOR package was used for 
this purpose. The contour interval in these maps has been chosen to be compatible 
with the accuracy of the data. 
9.8.1 Basement total subsidence maps 
A set of basement total subsidence contour maps constructed for the Palaeocene 
and younger ages are demonstrated in Figs. 9.10 to 9.17. Fig. 9.10 shows the total 
subsidence map at the base Palaeocene time (65 my). The map is contoured at a 25 m 
spacing, which reflects the fact that the changes in subsidence during the Palaeocene 
were very small. The basement subsidence differs only by about 100 m: the highest 
contour value is about 3125 m in the southwest and the iowest is 3025 m located in 
the northeast. Generally the contour pattern of this map shows that the total 
subsidence increases are gradual and consistent over the whole area, and possess a 
NW-SE trend. 
The next map (Fig 9.11) shows the basement total subsidence at base Early 
Eocene time. The subsidence gradually increases toward the southwest until the area 
around well 11-41. Relatively tighter contour lines to the southwest of well 11-41 
indicate an abrupt change in subsidence in this area. A close contour pattern of 
relatively slower total basement subsidence with a minimum of 3200 m was observed 
around well Ml-41. The following map (Fig. 9.12) for the Middle Eocene period 
shows a considerably more lateral variation in the subsidence. Again the basement 
subsidence shows a gradual increase toward the southwest. A relatively slower total 
subsidence is indicated by closer contour lines around the wells M1-41 and 11-41. 
Total basement subsidence at Late Eocene (Fig. 9.13) shows the same decreasing 
subsidence trend as in the previous period. The slower subsidence is about 4000 m in 
the area of well M1-41, while a relatively rapid subsidence of more than 5600 m is 
observed toward the deep basin. In the following periods, Early Oligocene, Late 
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subsidence contours generally show the same subsidence trend increasing toward the 
southwest. A significant slower subsidence is observed around the areas of the wells 
M1-41 and 11-41. The same trend of subsidence rate decrease is seen in the Late 
Miocene period (Fig. 9.17). Closer contour spacing beyond the area of well 11-41 
indicates that relatively rapid subsidence occurred at this period toward the basin 
deep. 
9.8.2 Basement tectonic subsidence maps 
Figs. 9.18 to 9.25 show tectonic subsidence maps at each geological time in the 
area. These maps were constructed after correction for sedimentary loading and water 
depth had been done. Generally there is a significant difference in subsidence 
magnitude between the iotal and iecionic subsidence maps. Fig. 9.18 shows the 
tectonic subsidence variation through the area at the Palaeocene. The tectonic 
subsidence varies only by about 20 m, and therefore this map is plotted using a 
contour interval of 10 m. The maximum subsidence of 1300 m is restricted to the 
southwest of the area. 
During the Early Eocene Period, the basement tectonic subsidence (Fig. 9.19) 
gradually increases toward the basin deep. The slower tectonic subsidence value of 
1300 m is located in the area of well M1-41, whereas a high subsidence reaching 
values of 1650 m is located at the area of well PW3. The basement tectonic 
subsidence map at the Middle Eocene period (Fig. 9.20) shows lateral subsidence 
variation through the area. A general increasing trend of basement tectonic 
subsidence is noticed toward the southwest with a significant slower subsidence in the 
area of the M1-41 and 11-41 wells. 
The basement tectonic subsidence in the periods of Late Eocene, Early Oligocene, 
Late Oligocene, Early Miocene and Late Miocene are illustrated in Figs. 9.21, 9.22, 
9.23, 9.24 and 9.25 respectively. Generally, there are no significant differences 
between the contour pattern in these maps, although an increase of subsidence is 
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and subsidence along the hinge-line, as evidenced by the close spaced contours to the 
southwest of well Ii- 41, possibly enhanced high rates of subsidence in the southwest. 
The high subsidence values are indicative of rapidly subsiding basement blocks as a 
result of the thermal cooling of the continental lithosphere. However, the NW-SE 
trend of increasing subsidence is parallel to the fault zone (see Chapter 3). Again, the 
more remarkable feature in these maps is the slower basement tectonic subsidence in 
the areas around the M1-41 and 11-41 wells. The minimum subsidence rate restricted 
to these areas is probably attributed to a local tectonic event. 
9.8.3 Sedimentation rate maps 
Maps of sedimentation rates corrected for compaction through geological time in 
the investigated area are illustrated in Figs. 9.26 to 9.32. These maps were drawn to 
help to understand the general sedimentation rate changes over the entire area during 
each time interval. These maps are plotted with a contour interval of 10 mlmy except 
for the map of time interval 56.5-50 my (Early Eocene) which is plotted with a 20 
mlmy contour interval. During the Palaeocene, the sedimentation rate gradually 
increases toward the basin depocentre (Fig. 9.26). In this time interval the lowest 
sedimentation rate of less than 20 mlmy is observed in the area around well M1-41. 
During the time interval 56.5-50 my (Early Eocene), the sedimentation rate shows 
a significant lateral variation throughout the area of study (Fig. 9.27) (For this reason a 
larger contour interval has been chosen for this interval). It is clearly seen on this map 
that the minimum sedimentation rate during the Early Eocene lies in the area around 
well 11-41, with a rate less than 20 mlmy. The sedimentation rate during this interval 
reaches its maximum (up to 240 mlmy) in the vicinity of well PW3. In the following 
time interval (50-38.6 my), during the Middle Eocene (Fig. 9.28), no significant 
abrupt change in sedimentation rate is observed. The minimum sedimentation rate in 
this interval is clearly seen in the area of wells PW5, PW4, II- 41, and PW2. This 
area of slower sedimentation rate follows a NW-SE trend, which probably lies on the 
palaeocontinental shelf edge. A gradual increase in sedimentation rate is observed 
toward the northeast and southwest. 
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The sedimentation rate during the time interval 38.6-35.4 my (Late Eocene) is 
demonstrated in Fig. 9.29. Generally, the contours exhibit a gradual increase in 
sedimentation rate toward the basin depocentre. Close contour spacing in the area of 
wells PW2, PW4, 11-41, and PW3 trending roughly NW-SE indicates a rapid increase 
of sedimentation rate at the hinge line. Fig. 9.30 shows the map of the sedimentation 
rate during the time interval 35.4-29.3 my (Early Oligocene). In this map relatively 
broad contour spacing in the most northeastern part of the area exhibits a slower 
sedimentation rate, which gradually increases toward the southwest. An abrupt 
change in sedimentation rate indicated by close spaced contours tending almost NW-
SE is observed southwest of the area of well 11-41. 
During the time interval 29.3-23.3 my (Late Oligocene), some lateral variation in 
the sedimentation rate is observed (Fig. 9.31). Oval shaped contours with a NW-SE 
axis in the area around wells PW5, PW6, PW7, M1-41 and PW2, represent the 
minimum sedimentation rate during this period. A general gradual increase in 
sedimentation rate is noticed in all directions away from this area. The sedimentation 
rate during the time interval 23.3-10.4 my (Early Miocene) is shown in Fig. 9.32. 
Uniform contour spacing trending NW-SE reflects a very consistent gradual 
increasing in sedimentation rate toward the basin depocentre during this time. 
9.9 Interpretation and conclusion 
This chapter presents results of the subsidence history analysis and post-rift 
tectonic evaluation of basement subsidence in the hinge-zone area between the Sirte 
Basin and Cyrenaica Platform since Late Cretaceous time. The intention of this 
analysis is to show the changing subsidence pattern with time, and to understand the 
factors that controlled the sedimentary depositional pattern during the Late Cretaceous 
and Tertiary. Using subsurface stratigraphic data from nine exploration wells and 
seven pseudo-wells, subsidence curves and a series of subsidence contour maps have 
been generated. The subsidence analysis of the area resulted in constructing a set of 
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through geological time. 
Crustal stretching in the Sirte Basin led to major rifting and crustal collapse, and 
the formation of major grabens in which syn-rift sediments were deposited. The 
Agdabia Trough is the largest and deepest of the Sirte Basin Troughs. It contains over 
7500 m of sedimentary-fill of Late Cretaceous and Tertiary sedimentary sequences. 
The initial rift phase is assumed to have occurred in the Late Cretaceous. After this 
time, major faults continued to be active in the Palaeocene, with their movement 
decreasing with time up to the Middle Eocene period (see Chapter 3). 
Contemporaneous faulting occurred along the structurally weak basin-margin hinge 
line where it is represented by normal faults dipping toward the basin. During this 
time thick sedimentary sequences accumulated to infill the pre-existing rift 
tnnnnr9nh,n,hHet ti-ia nlqtfnrmv '*,arp nrpqc nf rpintiuelv clnwserlimentntinn ------------------. 	- 
The basin shows a concave-up shape in its subsidence curves indicating 
exponential decay. The subsidence rate in the area begins rapidly in the Late 
Cretaceous period followed by an exponential decrease during later times. The 
tectonic subsidence in the Agdabia Trough and western Cyrenaica Platform shows a 
generally decreasing rate of subsidence with time, as would be expected at a rift basin 
margin for which cooling and thickening of the lithosphere is the primary subsidence 
mechanism. It is clear that the overall subsidence rate during the Palaeocene and 
younger periods was significantly less than the subsidence that occurred during the 
Late Cretaceous. This would indicate that the Tertiary subsidence of the basin has 
indeed been due to thermal cooling amplified by sediment load. This stage of 
subsidence is a relatively long-term process caused by cooling and thermal contraction 
of the lithosphere following the rifting phase. 
During the Palaeocene period a very slow subsidence contemporaneous with a 
low sedimentation rate have been observed. Relatively higher basement subsidence is 
noticed in the area located toward the basin depocentre with a gradual increase of the 
sedimentation rate in the same direction. Very slow basement subsidence and a very 
low sedimentation rate is observed in the Palaeocene in the area around well M141. 
381 
The minimum subsidence rate in this area may be attributed to a local structural 
inversion during this time. The effect of Palaeocene tectonic subsidence upon 
sedimentation within the area has been considered an important factor influencing the 
stratigraphy. 
In the Early Eocene, a slower subsidence rate occurred in the northern part of the 
area. A rapid subsidence was observed in the most eastern and southern parts of the 
area combined with a higher sedimentation rate during this time. A sudden slow 
down of subsidence (or no subsidence) was observed in the area of well 11-41. This 
abrupt decrease in subsidence is interpreted to be due to a tectonic inversion where 
faults were active at this time. Footwall uplift was responsible for the uplift and 
erosion of structural highs. Geological evidence in this study to support this 
assumption is the missing lower part of the Lower Eocene sequence over the area of 
well 11-41 (see Chapters 3&7). 
Basement subsidence during Middle Eocene time shows a consistent subsidence 
rate over the entire area. A slower basement subsidence is observed in the south and 
south-west, in contrast to an increasing subsidence trend observed at other geological 
times. This considerable subsidence rate decrease may be attributed to footwall uplift 
in the area of the palaeo-shelf edge. This interpretation is supported by a slower 
sedimentation rate observed in the vicinity of this edge. During the Late Eocene 
period a relatively high tectonic subsidence rate occurred contemporaneous with a 
high sedimentation rate. Generally slower tectonic basement subsidence characterises 
the Oligocene and Miocene periods. This clear exponential decrease in subsidence 
rates during later times indicates that the post-rift phase of subsidence was largely 
controlled by the thermal evolution of the lithosphere and sedimentary loading. The 
other indication of thermal subsidence is the progressive onlap of the basement at the 
edge of the basin margins during the post-rift period. The onlap of the basin margin is 
clearly seen in seismic-stratigraphic interpretations of many dip profiles in the area 
(Chapter 7) 
The most significant differences in the subsidence rates in individual time 
intervals are expected to occur between the area close to the basin and the platform 
382 
edge (Fig. 9.33). A general increasing trend of basement subsidence is noticed toward 
the southwest (toward the deep basin) through most of geological time. This increase 
in subsidence follows a NW-SE trend, which is parallel to the fault zone trend in the 
area. The eastern margin of the Sirte Basin is affected by a hinge-line with subsidence 
increasing markedly across it. The significant effects of this hinge-line are noticed in 
the period 29 to 56 Ma. Differential isostatic loading and subsidence along the hinge-
line possibly amplified the high rates of subsidence in the southwest. The 
development of a hinge-line between the Sirte Basin and the Cyrenaica Platform, and 
its effect on sedimentation is discussed in Chapter 11. 
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Fig. 9.33. SW-NE total basement subsidence cross section shows the basement 
surface from base Palaeocene to Late Miocene times in the area. Notice the marked 
effect of the hinge-line in period 29 to 56 Ma in generating sediments thickness 
changes. Some differential subsidence on the platform is apparent at various times. 
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CHAPTER 10 
Two-Dimensional Seismic Modelling 
10.1 Introduction 
The interpretations presented in the previous chapters indicate that there is a good 
opportunity for the development of stratigraphic hydrocarbon traps in the area of study. In 
the northern part of the Soluq Depression, the shelf margin carbonates and nummulitic 
banks are potential reservoirs. Stratigraphic traps are the result of changes in either the 
lithology or continuity of a reservoir rock. Seismic data is rich in information, but 
sometimes this information is difficult to extract due to many factors such as poor 
acquisition and processing. Seismic modelling is often used to simplify the seismic image 
by creating a model of what we expect in the subsurface. 
Seismic modelling is recognised as a very useful technique for structural and 
stratigraphic interpretation. Modelling is used to generate a synthetic seismic time section 
from the input of a given geological model or depth section. Modelling techniques have 
been discussed by many authors (e.g. Neidell, 1975; Neidell & Poggiagliolmi, 1977; 
Meckel & Nath, 1977; Galloway et al., 1977; Davis, 1984; Davis & Jackson, 1988; 
Tipper, 1989; Campbell & Stafleu, 1992; Biddle a' al. 1992). Synthetic seismic data can 
help support some initial hypothesis concerning the subsurface geology. Therefore, 
seismic modelling can be a powerful interpretative tool in the field of seismic stratigraphy 
in which the interpretation of subtle features is often important. 
Seismic modelling is one workable method of matching waveforms and their lateral 
changes to corresponding stratigraphic facies and facies boundaries (Galloway et al., 
1977). The reflected amplitudes are becoming increasingly important in stratigraphic 
seismic interpretation. Changes in amplitude and waveform can be directly correlated to 
variations in geological properties such as lithology, thickness, fluid content and spacing 
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of adjacent acoustic interfaces. In addition to amplitude, the shape and polarity of a 
reflection event also contains important geological information. The seismic modelling 
carries out analysis of significance lateral changes of these parameters. 
This chapter presents a two-dimensional seismic model of the Upper Eocene and 
Oligocene carbonate platform-to-basin transition in the Soluq Depression. This 
modelling includes simulation of the Upper Eocene Sequence (Wadi Bakur Formation) 
and the Lower Oligocene sequence (Al Bayda Formation and Upper Shale Formation) 
(see Fig. 2.6 and sections 7.7 & 7.8). However, one of the main targets for hydrocarbon 
exploration in the Soluq Depression is the nummulitic shoals of Late Eocene age, one of 
the rock units being modelled here. This chapter will examine the impact of the 
geological variability of this facies on the seismic response and evaluate the significance 
of amplitude anomalies. The simulated seismic section will be compared with the 
observed seismic section. The better the match between the modelled seismic section and 
observed data, the better the postulated geological model. Therefore, seismic modelling 
can be used for resolving problems of geological complexity and reservoir delineation. 
"Synthsec" is the seismic modelling software program used in this study. Dr W. 
Ashcroft (Aberdeen University) provided this program. The input data includes values of 
depth of each lithostratigraphic boundary, velocity and density for each rock unit at a 
number of real or pseudo wells. The program computes the two-way travel time and 
reflection coefficient for each acoustic boundary at the control points (wells), and at a 
certain number of points (CDP) between these wells by linear interpolation. These values 
are convolved with a defined wavelet to produce the synthetic seismic data. 
The seismic wavelet used in modelling moves as an acoustic wave through layers of 
different lithology and at each interface produces a reflected wave. The ratio of the 
amplitude of the reflected wave to the amplitude of the incident wave at any interface is 
called the reflection coefficient. This ratio can be given by the following equation for 
normal incidence reflections: 
Reflection coefficient (Rc)= Amplitude of reflected wave I Amplitude of incident wave 
0361 
Acoustic impedance = Bulk density (p)x Velocity (V) 
Re = p2V2 - p1V1 / p2V2 + piV1 
Magnitude and polarity of a reflected wavelet is dependent on the magnitude and sign 
of the reflection coefficient, Rc. The reflection coefficient series is convolved with the 
incident wavelet to produce the reflected wavelets. The incident wavelet used is often 
derived from actual data change in acoustic impedance. The resultant synthetic 
seismogram is compared with actual seismic data. 
10.2 Types of seismic modelling 
There are two main types of modelling: forward and inverse. Forward modelling 
starts with a geological model as input, and the seismic model is the output. The result is 
compared with the actual seismic data. The inverse type of modelling starts from the 
observed seismic section as the input, and each seismic trace is converted to an 
instantaneous velocity or acoustic impedance log of the earth. This modelling is based on 
the assumption that the seismic trace is the product of convolution of the reflectivity of 
the earth with the source signal. 
There are two main approaches to forward modelling: one-dimensional modelling 
and two-dimensional modelling. The one-dimensional modelling technique (synthetic 
seismogram) compares borehole derived geological information with the actual seismic 
reflection data. One-dimensional modelling programs compute a synthetic seismogram 
for a vertically stacked series of acoustic impedance layers. In the two-dimensional 
modelling an actual geological model is set up in two dimensions and the seismic 
response is computed from this model. Stratigraphic modelling and structural modelling 
are the two basic methodologies used in two-dimensional modelling. The stratigraphic 
modelling is used for detailed study of variations of various properties in the target of 
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interpretation. This stratigraphic modelling usually looks at the amplitude, polarity 
waveform and interference patterns 
In this study, forward stratigraphic modelling has been used, to construct seismic 
sections from a number of one-dimensional calculations of synthetic seismograms at wells 
and interpolated points. Multiple wells have been used to interpolate the acoustic 
impedance values between them. This will allow us to model intervals that look like a 
two-dimensional section. This precedes a two-dimensional picture, but its not real two-
dimensional modelling. This modelling type is considered pseudo two-dimensional 
modelling since none of the real two-dimensional aspects of seismic data, such as 
diffractions and dip change, are present. The real two-dimensional modelling takes 
account of energy returning from non-vertical directions. 
10.3 The modelling procedure 
Seismic modelling allows us to investigate the relationship between subsurface 
geology and seismic response and helps with interpretation of seismic data to give a 
subsurface geological configuration in time. For example, identifying seismic sequence 
boundaries in seismic reflection data is the first step in any seismic stratigraphic analysis. 
The seismic data has to be interpreted to give a configuration of the reservoir in time. 
This interpretation must give a geologically consistent picture. Such an interpretation also 
includes the consideration of the nature of the geological feature we want to model and 
what information we want to know about it. Seismic facies boundaries can be recognised 
in reflection configuration, reflection continuity, reflection amplitude, reflection 
frequency or interval velocity (Mitcham et al., 1977). 
However, the accuracy of modelling generally depends on how many of the variable 
parameters involved in modelling can be quantitatively estimated. Three simulated 
seismic sections have been generated in this study. These modelled sections have been 
chosen with regard to: 
the seismic model location and trend, 
availability of control points (wells) along each model, 
CIA 
availability of depth and lithological information, and acoustic impedance 
parameters for each modelled rock formation, and 
availability of equivalent actual seismic profiles for comparison with the 
generated synthetic seismic section. 
When producing a model it is important to consider the following main stages: 
The geological model of stratigraphic and structural relationships in the earth. 
Determination of acoustic impedance parameters (interval velocities and bulk 
densities) of each lithological unit. 
Compute reflection coefficient from the acoustic impedance parameters. 
Determine the frequency and phase, of the seismic wavelet, with which the 
reflection coefficient series is convolved to produce synthetic seismic profiles. 
10.3.1 Obtaining velocities and densities 
An important stage in the modelling technique is to obtain interval velocity and bulk 
density values for each modelled lithologic unit. The resultant acoustic impedance is a 
function of rock properties such as matrix lithology, porosity, cementation, compaction 
and pore fill. In fact, acoustic impedance is not predominantly a result of porosity 
development: the porosity development enhances the amplitude reduction largely derived 
from the lithologic changes (Davis & Jackson, 1988). The acoustic impedance of a rock 
is the product of its velocity and density. These parameters usually increase with depth 
because of increased compaction and consolidation. 
Knowledge of the correct interval velocity distribution is important to the seismic 
modelling technique. In fact, it is generally difficult to have a fairly accurate knowledge 
of the velocity distribution in geologically complex areas. Velocity analyses have been 
carried out with some degree of accuracy in Chapter 4. The wide range of velocities 
provides optimum conditions for bed definition and makes the seismic response relatively 
insensitive to errors in velocity selection (Galloway et al., 1977). Variations in velocity of 
several hundred feet per second had no significant effect on the modelled seismic 
response. The mean interval velocity used in this modelling was extracted from well 
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velocity surveys which are considered the more reliable velocity source compared with 
seismic reflection and sonic logging velocity sources (see Chapter 4). 
Bulk densities have been calculated for each lithological unit in the model. These 
densities were determined from the interval velocities using the empirical relationship 
proposed by Gardner et al. (1974). Thirty velocity/density pairs were used in acoustic 
impedance calculations on three modelling sections. The velocity and density values 
assigned to each rock unit at the control wells are shown in Table 10.1. 
Table 10.1 Acoustic impedance parameters (velocities and densities) used in the modelling. 
Well Name Horizon Name Velocity in/sec Density Kg/rn3 
A1-NC129 
Upper Oligocene sequence 3182 2330 
Upper shale Formation 2675 2230 
Al Bayda Formation 3483 2380 
Upper Eocene Sequence 3093 2310 
Middle Eocene Sequence 3730 2420 
81-NC129 
Upper Oligocene Sequence 3077 2310 
Upper Shale Formation 2781 2250 
Al Bayda Formation 3117 2320 
Upper Eocene Sequence 3609 2400 
Middle Eocene Sequence 3796 2430 
C1-41 
Upper Oligocene sequence 2716 2240 
Upper Shale Formation 3111 2320 
Al Bayda Formation 2856 2270 
Upper Eocene Sequence 3162 2320 
Middle Eocene Sequence 3670 2410 
H1-41 
Upper Oligocene Sequence 3201 2330 
Upper Shale Formation 3957 2460 
Al Bayda Formation 2975 2290 
Upper Eocene sequence 3240 2340 
Middle Eocene Sequence 3490 2380 
L1-41 
Upper Oligocene Sequence 3113 2320 
Upper Shale Formation 2981 2290 
Al Bayda Formation 3104 2310 
Upper Eocene Sequence 3415 2370 
Middle Eocene Sequence 3538 2390 
N1-41 
Upper Oligocene Sequence 3295 2350 
Upper Shale Formation 3394 2340 
Al Bayda Formation 2921 2280 
Upper Eocene Sequence 3069 2310 
Middle Eocene Sequence 3383 2360 
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10.3.2 Construction of starting geological models 
The usual objective of stratigraphic modelling is to see how the distribution of rocks 
with different physical properties affects the seismic energy. This is done by generating 
geological models for which seismic responses are computed. A starting geological 
model of the geometry of the subsurface strata, including the rock distribution and the 
structural geometry, is established from wells. Strata are defined by their depths, 
velocities and densities. Some boundaries between these lithological units are represented 
as lateral and vertical changes in lithology. The geological model can then be used to see 
what effects subtle changes in the detail of the geology would produce on seismic records. 
The wells are considered as control points for the parameters used in the modelling. 
The composite lithological logs were used to obtain subsurface formation lithologies and 
vciieai
,  depths ii each well. mni_ c i: i.civ aIi velocities and densities  were aSSlgnLu to ftc 
geological model at the positions of the wells. Three geological models were constructed 
in the study area. Three geological cross sections have been made between six wells. 
Section AA' is made between wells C1-41 and A1-NC129, section BB' is made between 
B1-NC129 and L1-41 and section CC' between H1-41 and N1-41. For the location of 
wells and geological cross sections see Fig. 10.1. These wells work as control points. 
Interpolation of the acoustic impedance parameters has been made between these wells to 
make the two-dimensional models. The vertical lithologic sequence and a lateral 
variation for each lithology have been proposed for the zone of interest in order to create 
the starting model. 
These geological models were carefully selected to cover the area of interest. Each 
geological model shows four interfaces along the cross section. These interfaces are top 
Middle Eocene sequence, top Upper Eocene sequence, top Al Bayda Formation and top 
Upper Shale Formation. Because of the noticeable lithological variation within the Lower 
Oligocene Sequence, the vertical interval is subdivided into sub-intervals, which include 
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Fig. 10.1 Location map of the geological cross sections, AA', BR' and CC' and location 
of the wells used in the seismic modelling. 
more representative waveform and detailed representation of the seismic expression of 
these intervals during seismic modelling. 
AA' Geological model: 
This geological model (Fig. 10.2) crosses wells A1-NC129 and C1-41. It trends 
northeast-southwest, crossing the north part of the area of study. The plane of cross 
section was chosen parallel to the regional dip in the area. A depth of 900 m (2950 Ii) 
below mean sea level is the datum line selected to represent the lithological column in the 
cross section. This cross section shows more than 900 to (2950 ft) of stratigraphic section 
over a distance of 11 km. The section demonstrates the relationship of the stratigraphic 
patterns and structural style of the northern part of the study area. The geological model 
clearly shows that the lithostratigraphic sequences are dipping towards the southwest. 
The two wells in the model represent differences in depths of the interfaces, and 
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Fig. 10.2 SW-NE geological cross section (AN) in the northern part of the study area through wells C1-41 and A1-NC129 showing the 
stratigraphic units and their acoustic impedance parameters used for synthetic seismic section generation. For well locations see Fig. 10.1. 
lithology, interval velocities, and bulk densities were projected onto the model. Some of 
the sequence boundaries represent lateral and vertical gradational changes in lithology. 
The top of the Middle Eocene sequence is present at depths of 1245 to 1594 m (4085 to 
5230 ft) below sea level. This unit is dominantly a massive limestone package with little 
evidence of significant lateral or vertical facies variation. The acoustic impedance 
distribution within the Middle Eocene sequence is similar along the cross section. 
Interval velocity ranges between 3730 m/sec and 3670 m/sec, and density ranges between 
2420 and 2410 kg/m'. 
The Upper Eocene sequence consists of limestone, interbedded with a little shale. 
The unit dips southwestward from a shallow depth of 1088 m (3603 ft.) in well Al-
NC 129 to 1431 m (4696 ft.) in well C1-41. The Upper Eocene sequence shows a uniform 
thickness along the cross section. Nummulite shoals in this sequence are the most 
important litholoy for reervor characteristics. In well Al-NC129, this nummuliticg s i  
facies is the main oil-producing unit. About 1700 bbls oil/day is the production rate from 
this well. The acoustic impedance parameters in the sequence show little lateral change. 
The interval velocity ranges between 3093 m/sec and 3162 m/sec, and density ranges 
between 2310 and 2320 kg/rn 3 . 
The Al Bayda Formation consists of limestone interbedded with shale. The shale 
percentage is increasing toward well C1-41. The thickness of the Al Bayda Formation 
increases gradually to the southwest, toward the basin centre. Significant lateral changes 
in acoustic impedance parameters have been noticed within this unit. The interval 
velocity decreases from 3483 rn/sec in A1-NC129 to 2856 m/sec in C1-41. The Upper 
Shale sequence is composed completely of shale. Interval velocity ranges between 2675 
rn/sec in the Al-NC 129 and 311 lm/sec in the CI-41. The density ranges between 2230 
kg1rn3 and 2320 kg1rn 3 . The uppermost horizon in this geological model is the Upper 
Oligocene Sequence. The lithology in this sequence is predominantly limestone 
interbedded with some beds of shale. A lateral decrease in the acoustic impedance 
parameters is clearly observed toward the southwest. This may be attributed to the 
increasing shale percentage toward the basin depocentre. 
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BB' Geological model: 
Geological cross section BB' (Fig. 10.3) is located north of section AA'. The cross 
section trends northeast-southwest, and correlates the sediments in the L1-41 and 131-
NC129 wells. The distance between these wells is 11 km. The well locations represent 
different depths, lithologies and acoustic impedance parameters of the lithostratigraphic 
sequences. The datum from which the section was drawn is 800 m (2625 ft.) below sea 
level. This cross section represents a rock column thickness of more than 950 m (3117 
ft.). The dip of the units is clearly towards the southwest. 
The Middle Eocene sequence in this geological model consists of a massive package 
of limestone. The sequence top occurs at depths of 1279 m (4196 ft) in well L1-41 and 
1587 m (5206 ft) in well B1-NC129. Some lateral changes in acoustic impedance 
parameters have been noticed along the cross section. The interval velocity ranges from 
3538 to 3796 m1sec with an average velocity of 3667 rn/sec. The density is in the range 
2390-2430 kg/rn3 . The Upper Eocene sequence is predominantly composed of limestone 
interbedded with some beds of shale. The interval velocity and density in this sequence 
decreases towards well B 1-NC 129. The Al Bayda Formation consists of a package of 
limestone interbedded with marl and shale. The acoustic impedance parameters reflect a 
consistent distribution throughout the geological model in this unit. The interval velocity 
ranges between 3104 and 3117 m/sec and the density ranges between 2310 and 2320 
kg/m3 . 
The Upper Shale Formation is composed completely of shale. A lateral decrease of 
interval velocity and density has been observed toward the well B1-NC129. The interval 
velocity ranges between 2981 and 2781 rn/sec with an average of 2881 rn/sec. The 
density is in the range from 2290 to 2250 kg/m 3 . The Upper Oligocene sequence is 
dominantly a massive limestone package without significant lateral facies variation. This 
uniform lithology is combined with little lateral change in the acoustic impedance 
parameters. The interval velocity ranges between 3113 and 3077 rn/sec and density range 
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Fig. 10.3 SW-NE geological cross section (BR) in the northern part of the study area through wells Bi -NC 129 and Li -41 showing the stratigraphic 
units and their acoustic impedance parameters used for synthetic seismic section generation. For well locations see Fig. 10_i. 
CC' Geological model: 
The geological model CC' (Fig. 10.4) represents a cross section between N1-41 and 
H1-41 wells. This section is located in the southern part of the area, trending northwest-
southeast. The plane of cross section is perpendicular to the regional dip in the area. A 
datum line of 700 m (2300 ft.) below the mean sea level has been selected to cover the 
lithostratigraphic sequence of interest. This geological model extends for a distance of 
more than 11km. 
The Middle Eocene sequence is composed predominantly of limestone. The 
limestone is interbedded with shale and marl near the top of the sequence in the area of 
well N1-41. No significant lateral variation in acoustic impedance parameters has been 
observed within the sequence. The interval velocity ranges between 3383 and 3490 rn/sec 
gncl gtanct, rgnrrnc hntwprn )fl qnd T2fl ira/ni 3 Thh cpniipnre R nvprinn 1w the iJnner ---------------------------------------------------------- 
Eocene sequence. The top Upper Eocene sequence is present at depths of 1108 to 1116 m 
(3637 to 3661 ft) below the sea level. Limestone interbedded with shale and marl is the 
predominant lithology in the sequence. The interval velocity increases northwestward 
from the lower velocity of 3069 m/sec in well N1-41 to higher velocity of 3240 rn/sec in 
well H1-41. 
The Al Bayda Formation overlies the Upper Eocene sequence. The contact between 
these two units shows an apparent dip towards the southeast. Also, the section shows 
thickening of the Al Bayda Formation in the same direction. The Al Bayda Formation 
shows considerable lateral variation in lithology within the geological model. In the area 
of well N1-41, it is mainly composed of interbedded marl and shale with some beds of 
limestone at the top. In contrast, in well H1-41, it is composed predominantly of 
limestone interbedded with some shale beds at the middle and top of the formation. In 
spite of this lateral lithological variation, no significant lateral variations in the acoustic 
impedance parameters have been observed. Interval velocity ranges between 2921 and 
2975 rn/sec and density ranges between 2280 and 2290 kglm 3 . 
The Al Bayda Formation is overlain by the Upper Shale Formation. The Upper Shale 
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Fig. 10.4 NW-SE geological cross section (CC') in the southern part of the study area through wells Hl-41 and N1-41 showing the stratigraphic 
units and their acoustic impedance parameters used for synthetic seismic section generation. For well locations see Fig. 10.1. 
mainly composed of shale. Significant lateral variation in the acoustic impedance has 
been noticed within the formation. Interval velocity ranges from 3394 to 3957 rn/sec and 
density ranges from 2340 to 2460 kg/m 3 . The uppermost horizon in this geological model 
is the Upper Oligocene sequence. This sequence is composed mainly of limestone 
interbedded with marl and dolomite. However, a consistent lateral acoustic impedance 
variation is observed throughout the sequence. The interval velocity within the unit 
ranges from 3295 to 3201 mlsec, with an average velocity of 3248 rn/sec. The density 
ranges between 2350 and 2330 kg/m 3 within the sequence. 
10.4 Generating seismic models 
The output from computation of the synthetic seismic sections is shown in Figs. 10.5, 
10.6 and 10.7. These synthetic sections were generated from the geological models AA', 
BB' and CC' (Figs. 10.2, 10.3 and 10.4 respectively). The synthetic section generated 
along £4' is equivalent to the seismic section NC 129-89-46W from shotpoint 600 to 740 
and from shotpoint 550 to 630 on line NC129-89-46. The synthetic section derived along 
BB' is equivalent to the seismic section NC129-89-44W from shotpoint 680 to 760 and 
from shotpoint 525 to 660 on seismic section NC129-89-44. The synthetic seismic 
section generated along CC' is relevant to the seismic section NC129-87-19 from 
shotpoint 310 to 530. 
The velocity and density information was used to turn the geological model sections 
into acoustic impedance sections. A software-modelling program "Synthsec" was used in 
this calculation. The input data includes values of depth of each lithostratigraphic 
boundary, and velocity and density for each rock unit in the wells. Each geological section 
is divided into 60 points, which are considered as CDPs. These "pseudo-CDP5" are 
equally spaced along the geological model. The acoustic impedance values at these 
pseudo-CDPs are linearly interpolated from the control points (wells). 
The reflection coefficient series at each CDP position, which is derived subsequently 
from the geological models, is convolved with a seismic source signal to generate 
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Fig. 10.5 Synthetic seismic section generated from the geological model AN, with added random noise of value 0.01. 
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Fig. 10.6 Synthetic seismic section generated from the geological model BB, with added random noise of value 0.01. 
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Fig. 10.7 Synthetic seismic section generated from the geological model CC', with added random noise of value 0.01. 
synthetic seismic sections. The wavelet, to be used for convolution in the modelling, is an 
important variable. A vertical incidence wavelet is assumed in these seismic models. The 
used wavelet is derived from actual data. The models were made using a zero-phase, 40-
Hz frequency seismic wavelet that matched the processing and display parameters of the 
actual seismic data. In order to simulate the actual seismic data, and to simulate the noise 
effect similar to that expected on actual seismic sections, 0.01 random noise was added to 
the data. 
The seismic wavelet response plot displays the distribution, polarity, and strength of 
reflection interfaces in the vertical time domain. In the resulting synthetic section 
displays, a positive reflection coefficient generated a central peak (black) wavelet. The 
positive reflection coefficient is represented by a wavelet pointing to the right of the trace, 
which indicates higher acoustic impedance overlain by a lower one. The negative 
reflection coefficient is represented by a wavelet pointing to the left of the trace as 
indicative of a lower acoustic impedance overlain by a higher acoustic impedance. The 
synthetic seismic traces are generated for 500 ms TWT. Display of the synthetic sections 
is shown using more or less standard display parameters of horizontal scale of 5 
traces/cm, and vertical scale of 10 cm/sec. 
10.5 Results and interpretation 
Three subsurface horizons have been simulated in this modelling: the Upper Eocene 
sequence, the Al Bayda Formation and the Upper Shale Formation. 
10.5.1 The Upper Eocene Sequence 
The Upper Eocene sequence (Wadi Bakur Formation) is an exploration target in the 
area under consideration. The simulating this sequence may help to show what features 
are likely to be resolved under ideal modelling conditions. Figs. 10.5 and 10.6 show that 
the base and the top of the Upper Eocene sequence dip towards the southwest. The total 
thickness of this unit ranges from 137 to 197 m (450 to 646 ft.). Figs. 10.5, 10.6 and 10.7 
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show the three simulated seismic sections. The base reflection interface of the Upper 
Eocene sequence is characterised by strong amplitudes along the sections. The Upper 
Eocene sequence overlies the Middle Eocene sequence limestone, and the occurrence of 
this limestone is continuous along this interface. The amplitude results from the big 
difference in acoustic impedance between the sequence and the Middle Eocene limestone. 
In all three sections the Upper Eocene sequence limestone is acoustically lower in 
impedance than the Middle Eocene sequence. This gives a positive reflection producing a 
peak seismic signature at the base of this sequence (Figs. 10.5, 10.6 and 10.7). In the AA' 
synthetic section the magnitudes of the wavelet reflections represent the large acoustic 
impedance contrast at this interface. Very high reflectivity strength is noticed in synthetic 
section AA', reaching a maximum in the area of well A1-NC129. This may indicate that 
the porosity of the Upper Eocene sequence is extremely high in this area. 
The occurrence of nummulitic limestone, which is a dominant rock type in this well, 
may be responsible for the porosity increase in the sequence. This porosity may play a 
role in the velocity distribution in the Upper Eocene sequence rocks. The porosity 
development lowers the acoustic impedance and thus increases the net reflective contrast 
with the underlying Middle Eocene limestone, thus increasing the amplitude of the 
seismic response. The acoustic impedance is observed to decrease as we move toward 
well C1-41. However, sedimentary and diagenetic processes affected the lithotypes in 
different ways, giving rise to a wide range of combinations of primary and secondary 
porosities. Relatively lower acoustic impedance contrast is indicated by the lower 
magnitude of reflectivity at this interface in the BB' synthetic section (Figs. 10.6). The 
occurrence of dolomite at the base of this sequence, especially in the area of well Bi-
NC 129, and loss of porosity development may contribute to this lower reflectivity. 
The top reflection interface of the sequence is characterised by variable amplitude. 
The change in amplitude is believed to be the result of the lateral variation in the acoustic 
impedance of the overlying Al Bayda Formation. However, the top part of the Upper 
Eocene sequence tends to be characterised by interbedded argillaceous limestones, marls 
and shales in some areas. Therefore, the seismic response at this interface will change 
dramatically depending on whether it is shale or limestone. 
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10.5.2 The Al Bayda Formation 
The Al Bayda Formation shows significant lateral facies changes throughout the 
Agdabia Trough and Soluq Depression. The Al Bayda Formation has a thickness between 
56 and 88 m (184 to 289 ft.). The formation overlies the Upper Eocene sequence. In the 
synthetic sections BB' and CC' (Figs. 10.6 and 10.7 respectively) the base reflection of 
the sequence shows high amplitude. This produces a positive reflection, with similar 
continuity and character along the section. The fairly strong amplitude of this reflector is 
mainly the result of considerable differences in acoustic impedance between the sequence 
and the underlying the Upper Eocene sequence. The Al Bayda Formation consists 
predominantly of interbedded shales and marls with some beds of argillaceous limestones. 
The shales and marls in this sequence are acoustically lower in impedance than the 
underlying limestone sequence. The velocity and density contrasts of the shales and 
limestones are sufficient to produce a good acoustic impedance contrast. 
In the synthetic section AA' (Fig. 10.5), the base reflection of the Al Bayda Formation 
shows significant lateral amplitude variations in the seismic response. Along this 
interface the amplitude changes and also the polarity changes from peak to trough, which 
is mainly due to the variation in acoustic impedance within the Al Bayda Formation. The 
transition from one type of lithology to another is probably the reason for the variation in 
reflection strength and polarity changes in the seismic response. In well C1-41, the shale 
percentage in the sequence is higher than in well A1-NC129 (Fig. 10.2). However, in the 
area of well A1-NC129, the Al Bayda Formation is acoustically higher in impedance than 
the underlying the Upper Eocene sequence. This produces a negative reflection shown as 
a trough in the seismogram at the base of this sequence (Figs. 10.5). This again may 
indicate that the porosity of the Upper Eocene sequence is higher than the overlying Al 
Bayda Formation in this area. The top reflection of the Al Bayda Formation shows lateral 
variation in amplitude and polarity of the seismic signature. The amplitude and polarity 
changes of this reflector are the result of lateral variations in acoustic impedance contrast 
between the overlying unit, the Upper Shale Formation, and the Al Bayda Formation. 
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10.5.3 The Upper Shale Formation 
The Upper Shale Formation is underlain by the Al Bayda Formation and overlain by 
the Upper Oligocene sequence. The total thickness of the Upper Shale Formation ranges 
from 30 to 120 m (98 to 394 ft.). The unit is composed of a shale section throughout the 
area. The base reflection of the Upper Shale sequence shows lateral amplitude variations 
and polarity changes in the seismic response. These are due to the variation in acoustic 
impedance along this interface. In the AA' synthetic section (Fig 10.5), the base reflection 
of the Upper Shale Formation shows amplitude changes and polarity changes from peak 
to trough. In the area of well A1-NC129 the Upper Shale Formation base reflector shows 
fairly strong amplitude along the section. The high amplitude starts to decrease as we 
move toward the southwest. This interface shows a negative reflection peak seismic 
signature in the area of well C1-41. Decrease in the acoustic impedance in the unit 
produces this negative reflected wavelet. 
This interface shows lateral amplitude variation but with the same seismic polarity 
along the synthetic section BB' (Fig 10.6). The shale has lower acoustic impedance than 
the underlying limestone, giving a positive base reflection. The shale of the Al Bayda 
Formation has limestone beds at the top. In the synthetic seismic section CC' (Fig. 10.7), 
the interface shows a very strong amplitude negative polarity signature. The decrease in 
the acoustic impedance in the unit produces the negative reflected wavelet along the 
interface in the CC' synthetic section. The acoustic impedance contrast at the boundary is 
very clear, because of the high velocity of the Upper Shale Formation and relatively low 
velocity in the Al Bayda Formation. 
The Upper Shale Formation is overlain by the Upper Oligocene sequence. The 
seismic response from this boundary shows considerable lateral variation in amplitude 
and polarity in all synthetic sections. The amplitude changes of this reflector are mainly 
the result of lateral variation in acoustic impedance within the overlying the Upper 
Oligocene sequence. In the synthetic section AA' (Fig. 10.5), lateral variation in 
amplitude and polarity has been observed along the top of the Upper Shale Formation. A 
high amplitude and negative wavelet occurs at well A1-NC129. This is attributed to 
relatively high acoustic impedance in the limestone of the Upper Oligocene sequence. 
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This reflector shows lateral amplitude variation and polarity change to a positive sign 
towards the area of well C1-41. The lower part of the Upper Oligocene sequence tends to 
be characterised by interbedded argillaceous limestones and shales. This is factored into 
the model by decreasing the acoustic impedance in the Upper Oligocene sequence at Cl-
41, and generating a positive reflection wavelet. 
The top interface of the Upper Shale Formation in synthetic section CC' (Fig. 10.7) 
shows lateral variation in the reflection strength but with a positive wavelet along the 
whole section. The high amplitude results from significant difference in acoustic 
impedance between the Upper Oligocene sequence and the underlying Upper Shale 
Formation. At well H1-41, the interface shows relatively strong amplitude. This high 
amplitude starts to decrease as we move towards well N141. In this interface, lateral 
decrease in the acoustic impedance contrast can be seen towards the southeast. 
10.6 Comparison of the synthetic and actual data 
The two-dimensional synthetic seismic section can represent geological models up to 
a certain level of complexity only. On the other hand synthetics can allow inferences to 
be made about geology below seismic resolution. In fact, the results from modelling are 
not always unique and a certain seismic expression can be generated by more than one 
geological model. The output from simulation for the synthetic seismic sections is shown 
in Figs. 10.5, 10.6 and 10.7. These synthetic sections were compared with their 
equivalent parts of the observed seismic sections in Figs. 10.8, 10.9 and 10.10 
respectively. AA' synthetic section is equivalent to seismic section NC129-89-46W from 
shotpoint 600 to 740 and from shotpoint 550 to 630 on line NC129-89-46. The synthetic 
section BB' is equivalent to seismic section NC129-89-44W from shotpoints 680 to 760 
and from shotpoint 525 to 660 on seismic section NC 129-89-44. The synthetic seismic 
section CC' is relevant to seismic section NC129-87-19 from shotpoint 310 to 530. The 
comparisons are concentrated on a narrow window encompassing our objective of 




sequence and the Lower Oligocene sequence (the Al Bayda Formation and the Upper 
Shale Formation) interfaces. Notice there are some differences in scales between the 
synthetic section and the actual seismic sections. 
Reasonably good agreement can be seen between the synthetic seismic sections and 
the observed seismic records. There is excellent agreement for the general patterns of 
seismic expressions. The synthetic seismic section AA' shows good agreement with its 
equivalent actual seismic section (Fig. 10.8). As in the synthetic section, the base 
reflector of the Upper Eocene sequence in the observed section shows a positive reflected 
wavelet, and the amplitude along this interface is generally similar in both sections. 
However, this reflector shows some discontinuity on the actual seismic data. This 
reflector discontinuity may reflect lateral facies changes. The top reflector of the Upper 
Eocene sequence displays changes in the sign of the reflected wavelet from negative at 
well A1-NC129 to positive at well C1-41. The grainstone shoals at well A1-NC129 show 
up as a discrete, discontinuous, high amplitude reflection within the Upper Eocene 
sequence. Significant variations in the reflection amplitude have been observed in the 
synthetic and actual sections. These amplitude variations are mainly attributed to acoustic 
impedance variations. The alteration of the reflected wavelet polarity along the top of the 
Al Bayda and the Upper Shale Formations has been observed in both sections. A 
relatively high amplitude at the top of the Upper Shale Formation of two opposite 
polarities is clearly matched in the synthetic and actual seismic sections. 
Comparison of the synthetic seismic section BB' with its equivalent actual seismic 
data (Fig. 10.9) shows prefect agreement. The low amplitude of the positive reflected 
wavelet along the base of the Upper Eocene sequence is clearly seen on the synthetic 
seismic section and actual seismic records. Obviously this low reflectivity is attributed to 
the lower acoustic impedance contrast along this interface. A relatively high amplitude of 
positive polarity characterises the top Upper Eocene sequence and the Al Bayda 
Formation interfaces. This high amplitude results from the big difference in acoustic 
impedance between the two units. The top interface of the Upper Shale Formation shows 
a negative reflected seismic wavelet in both synthetic and actual sections. 
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The CC' synthetic section (Fig 10.7) is compared with relevant actual seismic data 
(Fig. 10.10). The lower and upper boundaries of the Upper Eocene sequence show 
uniform reflection amplitude along the synthetic seismic section. However in the actual 
seismic records, the lower interface displays discontinuity in reflections and amplitude 
variation along the section, while continuous stronger amplitude is seen on the upper 
interface of the sequence. The top interface of the Al Bayda Formation is characterised by 
very strong reflection amplitude without any abrupt change. This strong amplitude is 
clearly seen in both synthetic and actual seismic section. This interface provides a 
prominent marker horizon observable on all the actual seismic data in the area. 
10.7 Conclusion 
This chapter presents seismic modelling of the Upper Eocene and the Oligocene 
carbonate platform-to-basin transition in the Soluq Depression area. It is important for 
this study to identify acoustic impedance properties of the rocks, most significantly in 
establishing rock reflectivity to construct the most practical models for comparison with 
observed seismic data for the interpretation objective. The results illustrate how the 
platform-to-basin transition might be imaged by conventional seismic reflection data. 
These carbonate platform sequences are expected to be characterised by rapid lateral 
variations in facies. The lateral reflection amplitude variation in the observed sections fits 
with what would be expected from the carbonate platform depositional system. One of the 
main targets for hydrocarbon exploration in the area under investigation is the nummulitic 
shoals of Late Eocene age. On the actual seismic data, the grainstone shoals of the margin 
complex show up as a discrete, discontinuous, high amplitude reflection within the unit. 
The impact of geological variability of the Upper Eocene sequence on the seismic 
response and evaluation of the significance of amplitude anomalies has been studied. A 
significant impedance contrast is seen at the lower boundary of the Upper Eocene 
sequence in the all generated synthetic sections. Very high amplitude is observed at this 
interface on the synthetic section generated between the A1-NC129 and C1-41 wells. The 
amplitude reaches its maximum at the area of well A1-NC129. This strong amplitude 
results from high acoustic impedance contrast between the sequence and the underlying 
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Middle Eocene sequence. This may indicate that the porosity of the Upper Eocene 
sequence is significantly high at well A1-NC129. In this area, the Al Bayda Formation is 
acoustically higher in impedance than the underlying the Upper Eocene sequence. This 
also indicates that the porosity of the Upper Eocene sequence is extremely high in this 
area. The occurrence of high porosity in the sequence related to the occurrence of 
nummulitic limestone lowers the acoustic impedance within the unit. The distribution of 
porosity within the nummulitic accumulation is dependent on the initial depositional 
environment and subsequent diagensis. 
The comparison of the generated synthetic seismic sections with the actual seismic 
data illustrates the validity of this simulating technique and aids in determining which 
geological features might be resolvable. In comparing the actual seismic section with the 
synthetic seismic section it was found that the models have been successfully matched, 
with reasonable agreement for the general patterns of seismic expressions. This 
reasonably good match between the modelled seismic sections and observed data 
indicates that the assumed geological models are generally correct. However, while the 
synthetic seismic sections show that all the units have gradational lateral changes in 
amplitude, in fact, these units show rapid lateral amplitude changes in the actual seismic 
data in some parts. This indicates that the real geological model in some areas represents 
rapid lateral variations in sedimentary facies rather than gradational changes. 
The grainstone interval below the Al Bayda Formation in the area appears to be not 
uniformly distributed. The grainstone facies is only of local occurrence, being observed in 
well A1-NC129. The nummulitic limestones within the Upper Eocene sequence indicate 
the deposition of the sequence on shelf edge shoals. The lateral variation in reflection 
amplitude within the sequence indicates that the carbonate content decreases westward 
and southward. This westward and southward decrease in carbonate proportion is 
accompanied by an increase in the percentage of shale. 
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CHAPTER 11 
General Discussions and Hydrocarbon 
Prospectivity of the Area 
This chapter consists of three sections. In the first section a description of the 
stratigraphic evaluation of the Agdabia Trough and Soluq Depression areas is carried out 
based on the results of the research project. The second section includes a discussion 
about the relationship between the stratigraphy and structural setting across the hinge-line 
at the Sirte Basin margin. In the third section, the economic benefits of this research to 
the petroleum industry are discussed, in the form of predictive tool for future locations of 
hydrocarbon prospectivity. 
11.1 General discussion 
The study area occupies the eastern margin of the Sirte Basin, next to the Cyrenaica 
Platform which, during Tertiary times provided the bulk of the sediments deposited along 
the hinge-line area. This research thesis is the first detailed study of the Tertiary 
sedimentary succession in the north-eastern Sirte Basin and western Cyrenaica Platform, 
involving seismic structural-stratigraphic analysis and basin analysis. This research 
contributes through a depositional model of the study area to a better understanding of 
sedimentation on the southern margin of Mediterranean basin during Tertiary time. Also, 
the research provides a clearer understanding of the stratigraphy of the area which will be 
useful in determining the potential for hydrocarbons in this area. This research was helped 
by the quantity and quality of seismic and well data for the areas under study. This 
allowed several techniques to be used in the basin analysis, include structural and 
stratigraphic seismic interpretation, velocity analysis and depth conversion, porosity 
analysis, backstripping, and seismic modelling. 
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The Late Cretaceous and Tertiary sedimentary succession in the eastern Sirte Basin 
and western Cyrenaica Platform reflects its tectonic and structural evolution, which is 
closely related to the hinge-line structure between the tectonic elements. Well and 
seismic data show that the patterns of sedimentation within the area have been controlled 
by complex tectonic activity associated with thermal subsidence, together with global sea 
level fluctuations. During most of the sedimentary history, the area was located on the 
boundary between the Sirte Basin and Cyrenaica Platform and was a broad relatively deep 
(perhaps about 150 m) platform area, with a predominant deposition of limestones and 
shales. 
Through the study of changes in the stratigraphic succession across the northeastern 
Sirte Basin, a greater appreciation has been obtained of the importance not only of 
eustacy, but also of tectonics influencing the geological record. Northwest-southeast fault 
structures played an important role in the basin formation, as it was along this structure 
that rifting took place (Fig. 11.1). These structures proved to have a strong influence on 
sedimentation patterns in the area. The facies distribution is clearly influenced, with 
carbonates developed along the rim of the eastern flank of the Agdabia Trough, whose 
limits were influenced by the NW-SE structural framework. 
It is very useful in this project to interpret the meaning of velocity distribution in 
terms of the subsurface parameters that control velocity variation. In order to maximise 
the spatial consistency of the velocities, while employing the minimum smoothing of 
seismic reflection velocities, a very detailed velocity calibration has been carried out in 
Chapter 4. The strength of this analysis lies in the method proposed for the calibration of 
the seismic velocity with the well velocity data. The velocity maps (Chapter 5) represent 
the pattern of velocity variation within the sequences and reflect the controlling variables 
of lithological variation and depth of burial. Significant differences in the average 
velocity of individual sequences mostly occur between the area towards the deep basin 
and towards the platform. This velocity variation may indicate the difference in lithology 
between the two areas. The average velocity generally decreases towards the west and 
southwest. The increased shale percentage towards the west and southwest is the most 
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Fig. 11.1. The major tectonic elements in the study area. 
In the study area, the more complicated velocity anomalies were located in the 
intensive faulted areas. The sequences subjected to structural deformation exhibited rapid 
lateral velocity variation. As the factors affecting the velocity anomaly are related to 
geological processes, the abrupt velocity changes in the faulted area may be attributed to 
the sedimentary facies changes controlled by those faults. Transfer zones between these 
faults may act as conduits for local sediment transport in basin stratigraphy. In the 
Palaeocene sequence and the Lower Eocene sequence, significant lateral changes in 
interval velocity have been observed. The effect of faults on accuracy of seismic velocity 
estimation, and the controls of those faults on the lateral facies distribution, makes the 
interval velocity more complicated. In the Middle Eocene and above sequences, the 
velocity distribution is largely a consequence of the lateral lithological variation. 
Deposition of thick sequences of shale basinward is the most plausible explanation for 
velocity decreasing towards the southwest. 
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The seismic stratigraphy has provided a powerful tool for analysing the sedimentary 
succession in the area. Seismic reflections are primarily produced from stratal surfaces 
and from discontinuities, with sufficient velocity-density contrasts to cause coherent 
seismic reflection. Good geological and geophysical datasets allow the response of the 
carbonate system to morphology and sea level fluctuation to be studied in a seismic 
sequence stratigraphic framework. In contrast to terrigenous margins, the stratigraphic 
response of carbonate platforms to relative sea-level changes influences carbonate 
productivity, dissolution and diagenesis. Application to the subsurface has been more 
problematic, owing to poor seismic resolution in carbonates and cliagenetic alterations that 
mask the primary lithological response as predicted from wireline logs. Sea level is 
recognised as being a major contributor to the vertical and lateral stacking arrangement in 
carbonates. Sea level fluctuations determine the health and even existence of the 
'carbonate factory' and hence the amounts of sediment supply. 
Generally, the passive continental margins of the southern Tethyan seaway were the 
sites of extensive colonisation by carbonate platforms that developed from late Mesozoic 
to Miocene times. The dominance of carbonate sedimentation is largely a function of an 
arid climate and a subdued stable hinterland providing little clastic sediment supply. This 
situation enhanced the rate of carbonate production along the north African margin. This 
may indicate that the whole region remained more or less in the same palaeolatitiude for 
the whole of the Tertiary. 
The Tertiary carbonate sediments in the Mediterranean basin are generally 
characterised by many biofacies such as large foraminifera, coralgal patch-reef and 
gastropods limestones (Buxton & Pedley, 1989). The Tertiary section on the eastern 
margin of the Sirte Basin generally consists of a carbonate succession that developed in 
response to subsidence and widespread Tethyan transgression following rifting. During 
this period the area was on the southern margin of Tethys, characterised by a warm climate 
that was suitable for high carbonate productivity. Not dissimilar to many parts of the 
Mediterranean basin, the nummulitic limestone bank facies are the predominant lithology 
in Tertiary succession in eastern margin of Sirte Basin. 
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In Late Cretaceous time, the Agdabia Trough and Soluq Depression was a rapidly 
subsiding area, acting as a depocentre in which the sedimentation kept pace with 
subsidence. Based on regional well data, it is known that the Upper Cretaceous strata lie 
unconformably on Palaeozoic rocks to the south and possibly Jurassic and Lower 
Cretaceous to the north of the area. A major transgression from the west occurred during 
Late Cretaceous time depositing a thick sequence of carbonate rocks over a wide area and 
overlapping successively older rock units. The area to the northeast was probably already 
a relatively stable platform, separated from the southwestern depocentre area by a hinge-
line trending northwest-southeast. 
Tectonism within the Tertiary succession decreased with time, as expected in a 
thermally subsiding basin. However, the passive thermal subsidence setting of the 
Tertiary succession does not necessarily imply a total absence of tectonic movement. 
Structures, mainly normal faulting, remained important in influencing some facies, 
especially along the basin margin, throughout the succession. The Palaeocene 
depositional sequence was deposited during the late syn-rift stage of basin development. 
Well data and seismic facies analysis (Chapter 7) indicate that the Palaeocene consists of 
a prograding carbonate shelf with rimmed platform morphology and palaeo-slopes along 
the eastern margin of Agdabia Trough. 
During the Palaeocene, the Soluq Depression developed as a relatively positive area, 
and the Agdabia Trough continued to subside, particularly in the southwest. The 
Palaeocene sediments in the southwestern part are of deeper water origin, but throughout 
the rest of the area shallow water limestones were deposited, which were later completely 
dolomitized. A major sea-level fall at the end of the Palaeocene caused subaerial 
exposure of the shallow marine Palaeocene sequence facies. During a lowstand of sea 
level, a limited amount of carbonate sediment is shed to the basin because subtidal 
exposure causes meteoric cementation and dissolution of the shallow-water carbonate 
platform, and the submerged area of the shallow-water platform available for productivity 
is diminished. Severe erosion of this surface developed karst topography over much of 
the area creating a zone of vuggy and in places cavernous porosity in the upper part of the 
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Fig. 11.2. Schematic diagram showing the general morphology of the platform 
during the deposition of the Palaeocene sequence at the eastern margin of Sirte 
Basin. 
The morphology of the Palaeocene shelf, combined with sea-level fluctuations, 
controlled the distribution of the depositional environments within the Lower Eocene 
sequence. The seismic mapping in this study allowed the identification of a ramp profile 
developed after Palaeocene deposition in the eastern part of the Agdabia Trough. Because 
the geometries of the rim and ramp morphology are different and carbonate production is 
in-situ, the stacking patterns and geometries of the systems tracts and internal facies 
distribution will differ significantly. The geometry of the Lower Eocene sequence 
generally reflects infilling of the Palaeocene morphology. 
During early Eocene time a rapid transgression occurred over the subaerially exposed 
rimmed carbonate platform surface of the Palaeocene sequence, depositing predominantly 
limestone with some marl and shales, which were deposited in a relatively deep water 
environment, on a slowly subsiding broad carbonate platform. The Lower Eocene 
sequence is characterised by relatively high terrigenous mud content and a thickness 
distribution which are mainly controlled by the pre-existing Palaeocene shelf topography 
(Chapter 7, section 7.4). An onlapping depression-fill stratum that fills the low relief of 
the Palaeocene karst is common in the central part of the northern shelf In the northern 
part of the area, shallow water sediments were deposited contemporaneously with 
relatively deeper water sediments in the southwestern parts. The Agdabia Trough 
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apparently subsided at a faster rate than the rest of the area and lime muds were deposited 
directly on the Palaeocene eroded surface. 
Because of the asymmetrical architecture of this part of the basin and local 
differential subsidence during deposition of the Lower Eocene Sequence I, complex facies 
relationships exist. Regressive, coarsing-upward depositional sequences discussed in 
Chapter 7 are interpreted as related to slight uplift along the rotated blocks associated with 
the NW-SE trending faults. These tectonic pulses are inferred to have increased the local 
slope, and to have generated an erosional phase in the uplifted areas, thus causing an 
accelerated basinward progradation of the facies belts. In the shelf area, the entire Lower 
Eocene sequence I stratigraphic section is missing. Whereas carbonate production in the 
palaeo-shelf area suddenly ceased, the western areas were much less affected by the sea-
level fall. This short period of emergence was terminated by a rapid transgression in late 
Early Eocene time, which flooded the area from a southwesterly direction. The 
transgression reached a climax with the deposition of the shale of Lower Eocene sequence 
II followed by a period of relative stability, which was terminated by a gentle regression. 
In the Middle Eocene sequence, the gradual thickness variation and the absence of a 
seismically defined shelf edge, suggesting a ramp profile. Subsidence of the area in the 
Middle Eocene increased the submerged area available for productivity. The increase in 
biogenic productivity caused carbonate sediment to prograde southwestward, toward the 
central basin. In the northern and eastern portion of the area shallow water sedimentation 
kept pace with the rise in sea level, or subsidence of the entire region, and because of the 
prolific production of carbonate sediments in this shallow water area, a thick section of 
carbonate sediments was deposited. 
Another relative sea-level drop allowed the formation of the next sequence boundary. 
The deposition of the argillaceous limestones of the Middle Eocene sequence was 
followed by a period of relative stability during which predominantly lime mudstone and 
marls of the Upper Eocene sequence were deposited, and the cycle culminated with a 
regional regression in which shallower water nummulitic limestones were laid down. The 
deposition of the Upper Eocene sequence was terminated by another regional regression. 
During the transgressive phase of the Lower Oligocene sequence, the regional tilting was 
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to the southwest and lime mudstones and shales with a rich pelagic fauna were deposited 
in the southwest contemporaneous with shallow water carbonates in the northeastern part 
of the area. During Late Oligocene and Miocene times, the Soluq Depression in the 
northeast was a broad shelf area, which was relatively stable, and where a thin sequence 
of shallow water carbonates was deposited. In contrast, the Agdabia Trough in the 
southwest continued to subside and a very thick sequence of shales and limestones was 
deposited. 
The porosity-depth plots of the composite sections and individual lithologies 
generally follow published model trends (Chapter 8). The observed porosity-depth trend 
correlates closely with the normal ideal compacted sequence of each lithology type. This 
indicates normal compaction in the rock column. Subsurface stratigraphic data from nine 
exploration wells and seven pseudo-wells have been used to generate total and tectonic 
subsidence curves, with corrections for compaction and palaeobathymetry (Chapter 9). 
The analysis shows how much subsidence was occurred, and discusses the factors that 
controlled the sedimentary depositional pattern during Late Cretaceous and Tertiary. It is 
clear that the overall subsidence rate during the most Tertiary was significantly less than 
the subsidence that occurred during the Late Cretaceous. This would indicate that the 
Tertiary subsidence of the basin has indeed been due to thermal cooling amplified by 
sediment load. The other indication of thermal subsidence is the progressive onlap of the 
basement at the edge of the basin margins during the Tertiary. The onlap of the basin 
margin is clearly seen in seismic-stratigraphic interpretations of many dip profiles in the 
area (see Chapter 7) 
One of the main targets for hydrocarbon exploration in the area under investigation is 
the nummulitic shoals of Late Eocene age. The hydrocarbon potential of this sequence 
seems to depend on its facies. The distribution of porosity within the nummulitic 
accumulation is dependent on the initial depositional environment and subsequent 
diagensis. On the seismic data, the grainstone shoals of the margin complex show up as 
discrete, discontinuous, high amplitude reflections within the unit. The results of seismic 
modelling of the Upper Eocene sequence illustrate how the platform-to-basin transition 
might be imaged by conventional seismic reflection data (Chapter 10). The occurrence of 
high porosity in the sequence, related to the occurrence of nummulitic limestone lowers 
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the acoustic impedance within the unit. The lateral variation in reflection amplitude 
within the sequence indicates that the carbonate content decreases westward and 
southward. This westward and southward decrease in carbonate proportion was 
accompanied by an increase in percentage of shale and chalk. 
On a broad regional scale the tectonics affecting the Agdabia Trough and Soluq 
Depression during the Teriary have been gentle and consistent. A regional subsidence 
occurred in western Cyrenaica in Cretaceous time, and shifted to the southwestern part of 
the area in Palaeocene and later geological time. This southwesterly subsidence is the 
most significant tectonic feature in the area. The uniform southwesterly dip is apparent 
on all the sequences. 
The investigation of the eastern margin of the Sirte Basin may be of interest and may 
add important information to the knowledge of the Messinian palaeogeography of the 
Mediterranean basin. The effects of the late Alpine plate convergence in northern Libya 
are evident in the stratigraphic record within the study area. Post-middle Miocene deposits 
are absent in the Soluq Depression, since the area was involved in the Late Miocene 
inversion phase that affected northern Cyrenaica. The lack of post-middle Miocene 
deposits in the area is evidence that the Late Miocene had been a period of emergence 
throughout the southern margin of the Mediterranean region. 
In the Late Miocene (Messinian) a general regressive phase dominated over the 
Mediterranean basin due to lowering of sea level (Hsu a al., 1977; Barr & Walker, 1973). 
During the late Tertiary, Alpine tectonic activity caused extensive epeirogenic movement 
in the Cyrenaica region. The convergence between the continental Hellenic Arc and the 
Cyrenaica platform during middle-late Miocene resulted in folding and uplift across 
Cyrenaica. However, the folding was more intensive in the northern Al Jabal Al Aklidar 
region. During this time, the Cyrenaica Platform was quite stable and subsidence in the 
Soluq Depression at the south border of the Al Jabal Al Akhdar uplift had largely ceased. 
The final uplifting of the Cyrenaica region after the Middle Miocene resulted in the present 
configuration of this region. During post-middle Miocene times, deposition was 
intermittent on the Cyrenaica Platform, but continuous in the Agdabia Trough. 
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11.2 Discussion on the hinge zone 
One of the objectives of this research is to identify the relationship between the 
stratigraphy and structural setting across the hinge-line between the Sirte Basin and 
Cyrenaica Platform. As mentioned earlier, the eastern margin of the Sirte Basin contains 
a very thick preserved sequence of sedimentary rocks of predominantly shallow marine 
sediments ranging in age from Late Cretaceous to Tertiary. The review and model of the 
subsidence history of the basin helps to identify the influence of the hinge-line on the 
distribution of the sedimentary sequences throughout this time. Results of quantitative 
analysis of subsidence data from nine real wells and seven pseudo-wells suggest that 
processes associated with the presence of the hinge zone might have been the dominant 
control on sedimentation in the area (Chapter 9). The basin margin subsidence, and the 
displacement of the normal faults, seem to be the most significant factors affecting the 
general depositional pattern in the Agdabia Trough and Soluq Depression. 
The development of a basin-margin hinge line has been discussed in the context of 
Atlantic-type continental margin development. Following the formation of a rift system 
by continental extension, usually with well developed rift-shoulders, thermal relaxation 
and flexural subsidence of the stretched continental lithosphere allows the basin fill to 
transgress beyond the rift margins (Watts, 1981; Steckler & Watts, 1982). 
The model proposed by Steckler and Watts (1982) (Fig. 11.3) predicts a number of 
stratigraphic features at a continental margin including a well developed hinge zone, 
basinward tilting of sediments and an onlap of stratigraphic horizons within the coastal 
plain. In this model, the hinge zone is a fundamental structural boundary that separates 
relatively unstretched continental crust on the left of the model from highly thinned crust 
on the right. The post-rift sediments thin abruptly across this hinge zone, especially in the 
early stages of post-rift subsidence, and thicken considerably in the direction of increasing 
crustal thinning, producing the characteristic wedge shape of the passive-margin strata. 
Basinward of the hinge zone, the crust and lithosphere are thinned by similar amounts, but 
landward only the lower part of the lithosphere is affected by thermal contraction. 
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The model suggests that the basal onlap of the stratigraphic succession within the 
coastal plain is mainly due to the increase in flexural rigidity with time. As rigidity and 
sediment infill increase, flexural bending of the craton edge shifts landward, leading to 
deposition of a thinner sedimentary prism. The depositional infill and resulting 
sedimentary architecture is referred to as a steer's-head basin (Allen & Allen, 1990). 
Subsidence by regional downwarping of the margin without obvious fault control 
is characteristic of the post-rift stages in the model. However, the bending of the 
lithosphere in response to sediment loading and differential thermal subsidence must 
cause quite large stress differences. The loading of sediments at basin margins might 
be expected to result in lithospheric flexure and/or displacements on reactivated deep 
marginal faults. The importance of the sediment loading effect is to increase the 
amount of subsidence caused by other mechanisms. if the crust has been thinned by 
erosion at the time of rift shoulder uplift, then during post-rift cooling isostatic 
subsidence of the shelf will be amplified by sediment load. The effects of other 
mechanisms such as palaeobathymetry, eustatic sea level and sedimentary compaction 
are small compared with the effects of sedimentary loads and thermal contraction. 
Continental Continental 
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!2L-  Post-rift basin fill with ages given in Ma for a syn-rift to post-rift transition at about 200 Ma. 
Fig. 11.3. Stratigraphy of a theoretical Atlantic-type continental margin based on 
a simple thermal mechanical model (after Steckler & Watts, 1982). 
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Watts (1981) presents two different stratigraphic models of a continental margin 
developed under gradually-increasing, post-rift flexure rigidity: an upbuilding model and 
an outbuilding model (Fig. 11.4). In the upbuilding model, the total sediment load is 
added in the same place, while in the outbuilding model, the load is progressively shifted 
seaward. The upbuilding model is typical of carbonate-dominated environments whereas 
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Fig. 11.4. Two simple models for the development of a continental margin, 
based on; a) upbuilding and b) outbuilding (after Watts, 1981). 
A comparison of the Stickler and Watts model with a cross section through the basin 
margin in the study area (Fig. 11.5) shows broad agreement between the structure of the 
sedimentary basins on the eastern margin of the Sirte Basin and the models. The eastern 
margin of the Sirte Basin is characterised by substantial thicknesses of basinward dipping 
sediments. Increasing in the basinward slope may occur due to differential subsidence 
between the basin margin and the basin centre. The large variations in the overall 
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distribution of sediments along the margin suggest that a hinge zone may control the 
overall tectonic evolution of the margin. The hinge zone is indicated by an abrupt increase 
in the depth of the sedimentary strata. 
SW 	 NE 
Agdabia Trough 	 Soluq Depression 




EJ Miocene 	 Oligocene 	M Eocene 
10 Palaeocene 	 Upper Cretaceous & Basement Rocks 
Fir. 11.5. Geological cross section in the eastern margin of the Sirte Basin. 
In the Sirte Basin, crustal stretching eventually led to major rifting and crustal 
collapse, and the formation of major grabens in which syn-rift sediments accumulated. 
The resulting subsidence and thickness of syn-rift sediments are primarily controlled by 
local isostasy. Thick sedimentary sequences were deposited to infiJi rift topography. 
Sedimentation rates may vary considerably and therefore bring about changes in water 
depths as well as in the position of the shelf break and the width of the shelf. The 
Agdabia Trough and Soluq Depression contain more than 7500m of sedimentary-fill of 
Late Cretaceous and Tertiary sediments. However, the sediment-basement interface is 
not observed on seismic sections, so total sediment thicknesses are difficult to 
determine. 
425 
A general increasing trend of basement subsidence in the area is noticed toward 
the southwest through most of Tertiary time (Chapter 9). The eastern margin of the 
Sirte Basin is clearly affected by the hinge zone phenomenon where subsidence rates 
increase markedly across it. Differential subsidence across the hinge-line, together 
with the effects of fault displacement are the main reasons responsible for the abrupt 
increase in depth of the rock sequences towards the southwest. Differential isostatic 
loading and subsidence along the hinge zone possibly enhanced the high rates of 
subsidence in the southwest. The carbonate ramp on the eastern margin of the Sirte 
Basin developed in the post-rift stage when subsidence became largely flexural. As a 
result of flexural down warping, a landward thinning wedge of coastal plain sediments 
was developed, which began in the Middle Eocene and extended through the 
Miocene. On the slope and shelf margin areas, the seismic facies within these 
sequences are dominated by reflectors onlapping the basin margin from the southwest. 
11.3 Hydrocarbon prospectivity in the area 
Stratigraphic traps are less well known and harder to locate than structural traps. 
Stratigraphic traps occur due to some variation of the reservoir rock in the stratigraphy, or 
lithology, or both, such as a lateral facies change, variable local porosity and permeability, 
or a rapid termination of the reservoir rock. Carbonate ramps form major reservoir zones 
with wide opportunities for stratigraphic and structural trapping and lateral variations in 
reservoir quality (Burchette & Wright, 1992). Organic build-ups in mid or outer-ramp 
locations commonly form ideal stratigraphic traps sealed by onlapping basinal facies or by 
downlapping mud-textured distal highstand sediments. Also, reservoirs may occur in 
individual shoreline beaches, barriers, or bars, sealed by outer-ramp terrigenous or 
carbonate mudstones. Grainstone reservoirs on ramps are widespread and range from 
shoreline carbonate sandbodies to major detached shoal complexes or shoals over 
offshore highs. 
Based on the structural-stratigraphic interpretation of the seismic data, the author has 
tried to evaluate potential hydrocarbon prospects in the Agdabia Trough and Soluq 
Depression. However, it was recognised from this research project that any hydrocarbon 
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accumulation would probably be controlled by stratigraphic rather than structural 
conditions as seismic interpretation indicates an absence of any sizeable structural 
features within the area (Chapter 3). A number of reflection anomalies in the seismic data 
were identified, and their impact on the analysis was clarified. Based on the stratigraphic 
interpretation of the seismic data (Chapter 7), the following sections discuss the 
stratigraphic anomalies that may be considered potential hydrocarbon prospects in the 
Agdabia Trough and Soluq Depression 
The Palaeocene Sequence: The Palaeocene sequence is probably the most attractive 
hydrocarbon reservoir in the area. The lowstand systems tract of the sequence probably 
contains potential for stratigraphic hydrocarbon plays because of its several distinctive 
depositional elements associated with Type 1 erosion and localised lowstand deposition. 
Three potential reservoirs may exist in the Palaeocene sequence: allochthonous debris-fan 
wedges, secondary porosity and permeability generated in pre-existing highstand facies 
during subaerial exposure and organic builds-up. 
The most significant feature of the Palaeocene sequence, and the most important 
from an exploration point of view, is the erosional surface developed at the top of this unit 
during a widespread regression across the entire area (Chapter 7). During this period, 
karst topography with vuggy cavernous dolomite was developed. Generally, karst 
carbonate platforms, by their mode of formation, indicate the development of substantial 
amounts of secondary porosity. Potential seals over the drowned Palaeocene platform 
would be expected to be relatively good and areally extensive because the section mainly 
consists of lime mudstone and shale. Furthermore, some Palaeocene mounds were 
identified in the northern part of the area, which were interpreted as carbonate build-ups 
because of weak internal amplitude, draping of overlying sediments and onlapping of 
flanking reflection cycles. The overlying argillaceous Eocene carbonate may provide a 
good seal facies. 
The Lower Eocene Sequence I. The Lower Eocene sequence I is an attractive 
prospective horizon in the Agdabia Trough and Soluq Depression. It is separated from 
the underlying Palaeocene by an unconformity. In many places, the Lower Eocene 
sequence II is an excellent cap rock as the predominant rock types are lime mudstones and 
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shales. The distribution of Lower Eocene sequence II shale could be very important from 
an exploration point of view because without it, there is possibly no seal to trap oil in the 
sediments below. One of the discouraging aspects of hydrocarbon exploration along the 
shelf margin is where predominantly shallow water sediments occur but the shale is 
absent. 
The lithology of the Lower Eocene Sequence is predominately limestone with some 
marl (Chapter 7). The facies of the shelf or platform margin deposits are favourable and 
the potential for finding good reservoirs along these trends is strong. There is excellent 
evidence for an unconformity and erosion at the top of this sequence. The seismic 
interpretation indicates that the sequence thins markedly at the shelf margin, and 
terminates by pinch out against the lower boundary of the sequence. Also, the fault 
configuration, consisting of a transfer zone between two overlapping normal faults, was 
recognised in the Lower Eocene sequence. Transfer zones in rifts contain complex but 
somewhat predictable structural geometries that make them optimum locations for 
structural hydrocarbon traps. 
The Upper Eocene: The Upper Eocene of the eastern Sirte Basin and western 
Cyrenaica Platform is marked by regression and the deposition of ramp carbonates with 
nummulitic limestones. In this sequence, highstand and shelf-margin systems tracts have 
excellent primary hydrocarbon-play potential as the biogenic productivity and rising 
relative sea-level are balanced, permitting extensive deposition of keep-up grainstone 
facies. Within the northern part of the study area the principle hydrocarbon reservoir is 
the Upper Eocene Wadi Bakur Formation, which is sealed by the Al Bayda Formation 
lime mudstone (Chapters 7 & 10). The proportion of reservoir to non-reservoir facies 
generally decreases basinwards as the proportion of offshore deposits and the amount of 
layering increases. 
Oligocene and Miocene rocks, because of their shallow depth of burial, do not form 
reservoirs in the area. They have been found to be water bearing and without hydrocarbon 




This research project aimed to provide a geological evaluation of the Tertiary 
sedimentary succession in the hinge-line area between the Sirte Basin and Cyrenaica 
Platform. The location and database in the area made it suitable for studying a carbonate 
platform margin and its hinge zone at a basin edge, the sedimentation at the southern 
margin of the Mediterranean basin during the Tertiary time, and the evolution of potential 
hydrocarbon prospects in the Agdahia Trough and Soluq Depression. These objectives 
were achieved using a systematic approach to geological and geophysical interpretation 
and seismic reflection and well data. 
Chapters of this thesis discussed individual aspects of the work, including seismic 
interpretation, velocity analysis and depth conversion, porosity analysis, backstripping and 
subsidence calculation, and two-dimensional seismic modelling. This chapter consists of 
two parts. The first part presents a conclusion of the major results of this research. In the 
second part suggestions for future work in this research area are made. 
12.1 Conclusions 
The following is a summary of this research undertaking: 
1. Through structural interpretation of the seismic data, the author has tried to define 
the structural development of the eastern Sirte Basin and western Cyrenaica Platform 
during Tertiary time by interpreting the structural styles present and the relationship of the 
structural features to each other. The following gives a summary of the structural 
development of the area: 
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(i). The eastern part of Sirte Basin, the Agdabia Trough, forms a wide depression 
deepening west and southwestward. The most prominent structural features in the area 
were extensional faults. Normal faults occurred at the basin margin and, during the post-
rift stage, were a significant mechanism for the basin formation. Most faults are truncated 
by the Middle Eocene sequence reflector, although minor displacements are observed on 
some faults above this level. 
The dip of these faults ranges from 90 to 60 degrees. The maximum 
displacement to appear on the seismic profile is about 50 ms. Growth faults are common 
and suggest that the faults were active during the deposition of the sediments. Structural 
movements in the study area had a pronounced effect on sediment thickness, and facies 
distribution varied widely from one locality to another. Seismic data reveal lower Tertiary 
strata to be generally down-faulted to the southwest and west. 
Across most of the Agdabia Trough and Soluq Depression, the fault pattern 
shows that the zone of deformation trends northwest-southeast. The faults generally 
coincide with the major regional structural features in the Sirte Basin, defining the hinge-
line at the basin margin. Flexure of the formations in response to differential subsidence 
and compaction towards the centre of the basin is the most likely explanation for this 
faulting. The formation of block faulting and foot-wall emergence, resulted in some local 
erosional unconformities. 
All of the seismic sequences display surfaces dipping towards the southwest 
(basin direction). In the southwest, the dip gradient is much steeper. Fault displacement 
and thermal relaxation in the post-rift period are two main reasons for gradients towards 
the centre of the basin. The development of a hinge-line between the Cyrenaica Platform 
and the Sirte Basin may explain why the increase in dip is more significant beyond the 
area of the shelf-slope break. The increasing gradient toward the basin may due to 
increasing subsidence towards the deep basin, compared with the platform. 
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2. Velocity analysis has been carried out using three data sources in order to 
determine the true velocity variation with some degree of accuracy. The following 
comments relate to the velocity analysis in the Agdabia Trough and Soluq Depression: 
The velocity comparison indicates that the seismic reflection data consistently 
shows a higher velocity than that measured from well data. The comparison also shows 
that the velocities derived from sonic logs were consistently higher than those from well 
surveys. To obtain a realistic velocity value, well data were used as a reference in a 
calibration operation to smooth the seismic reflection velocities. Seismic reflection 
velocity should not be used directly to infer true subsurface velocities for time to depth 
conversion if accuracy is important. 
An interpretation of the velocity data has given helpful geological information to 
elucidate structural complexity and also to infer lithologic properties of the sediments 
deposited in the area. A series of different velocities maps were constructed in this study, 
and the results of interpretation of these maps are summarised as follows: 
Between the deep basin and the platform areas there are significant differences 
in the average velocity to the tops of most sequences. In general increases of average 
velocity have been observed towards the southwest to the tops of the Palaeocene and 
Lower Eocene sequences. This is consistent with increasing depth of burial basinward. 
A decrease in velocity towards the west and southwest direction is characteristic of the 
Middle Eocene sequence, and all the overlying sequences. The most reasonable 
explanation of this trend is the increasing shale percentage in the same direction. 
The patterns of velocity variation within the sequences are represented on the 
interval velocity maps, and reflect the controlling variables of lithological variation and 
depth of burial. Lateral changes in velocity have been observed in the Palaeocene 
sequence and the Lower Eocene sequence. Determination of interval velocity is made 
more complicated here by the effect of faults on the accuracy of seismic velocity 
estimation and also, in some instances, the control of those faults on the lateral facies 
distribution. Transfer zones between these faults may act as conduits for local sediment 
transport in basin stratigraphy. 
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(v) The interval velocity maps generally display relatively less irregularity in 
velocity distribution in the Middle Eocene and Upper Eocene sequences. The main 
factors affecting velocity distribution are variations of both lithology and depth of burial. 
For the Lower Oligocene sequence and above, the interval velocity maps generally 
display uniform velocity distribution, decreasing towards the southwest. The lateral 
lithofacies variation largely controls the velocity distributions in these sequences. The 
main reason for velocity decreasing towards the southwest direction is the deposition of 
thick sequences of shale in the same direction. 
Time to depth conversions including laterally variable velocities and reflector 
structures have been done in order to interpret the geological horizons between wells in 
the depth domain rather than the time domain. The depth conversion in this research was 
carried out using velocities derived from surface seismic data calibrated by well velocity 
data, Depthing with well survey data is often hampered by inadequate spatial sampling. 
The reliability problem of individual velocity analyses complicates depthing using seismic 
velocities. Velocity analysis using a combination of well and seismic velocities has 
shown better results than seismic velocity measurement alone. In this analysis, the 
seismic velocities have been edited to exclude unrealistic values, and adjusted to tie with 
well information. 
Depth maps with perfect well ties and geologically reasonable depth estimates 
away from wells are the final results of the depth conversion. All depositional sequences 
show increasing depth towards the southwest. The main reason for increasing depth 
towards the southwest is the increasing thermal subsidence of the post-rift sequences 
towards the basin centre. 
The results of the seismic-stratigraphic interpretation in the Agdabia Trough and 
Soluq Depression can be summarised as follows: 
(i) The study of sedimentary successions in the area provides an opportunity to 
examine deposition and stratigraphy of a carbonate platform on the southern margin of 
Tethys during Tertiary. During this time the eastern margin of Side Basin lay on the 
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southern margin of Tethys, and was characterised by a warm climate suitable for high 
carbonate productivity. The structure and thickness variations of the Tertiary sediments of 
the Mediterranean coastal area of the eastern Sirte Basin indicate that the African Plate at 
this latitude was part of an unstable zone. 
The results of seismic stratigraphic interpretation have an importance for passive 
margins and the Tethyan marginal basins, in particular. The southern margin of the Tethys 
Ocean appears to have a broad shallow platform along much of the North Africa continent 
during the Tertiary. 	Shallow-to-deep marine environments were the dominant 
depositional systems for the Tertiary sediments in the area, that contained a large platform 
system which developed on the south Tethyan passive margin. 
The sedimentary patterns of the Tertiary succession in the eastern Sirte Basin 
appear to be the resuli of a complex interplay of three factors: a ) regional tectonisim 
associated with thermal subsidence, b) the sedimentation rate of carbonates on a platform 
dipping to the west and southwest, and c) eustatic sea level changes resulting in local 
regressive transgressive sequences. 
The Palaeocene section in the area mainly consists of carbonate rocks. The 
seismic and well data suggest that the Palaeocene sequence is dominated by a regressive 
trend, and was deposited during the early stage of thermal subsidence. Increased relief 
between the Agdabia Trough and Soluq Depression in the Palaeocene resulted in slope 
instability and debris flows on the flank of the basin. The seismic data indicate that debris 
fans developed during early Palaeocene time, associated with periods of sea-level falls. 
These fan deposits may have developed during late syn-rift, transitional and initial thermal 
subsidence phases of basin development. 
The other important stratigraphic feature in the Palaeocene sequence is the 
growth of discrete organic build-ups or grainstone shoals in the northern shelf area. A 
mound shape and onlap of surrounding reflections seismically identify these reefal 
constructions. They are interpreted as reefal build-ups forming towards the basin margins 
on a carbonate ramp during early Palaeocene time. 
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A major sea level fall has been documented at the end of the Palaeocene and 
subaerial exposure of rimmed carbonate platform in the east and northeast of the area 
occurred. An erosional surface has developed irregular karst topography leaving a zone of 
vuggy and in places cavernous porosity in the upper part of the Palaeocene sequence. 
The morphology of the Palaeocene carbonate platform strongly influenced the 
facies distribution of Lower Eocene sequence. The Lower Eocene sequence thins 
markedly toward the shelf margin, and terminates, by pinchout against the lower sequence 
boundary. Local tectonic inversion movements could have played a major role in 
platform deposition during the stages of passive margin development. The result of this 
movement may be either non-deposition or emergence in that area to cause complete 
erosion of the sequence. 
During the Middle Eocene, sedimentation kept pace with sea level rise and the 
sediment prograded further into the basin due to the increase in biogenic productivity. In 
the northern part of the area, a thick section of limestone was deposited in a shallow 
marine environment. 
Shallow marine sediments dominate the Upper Eocene sequence, with deeper 
water basinal conditions present toward the basin centre. The regressive carbonate 
platform is dominated by grainstones facies in the northern part of the area. Nummulitic 
biofacies were deposited indicating the deposition of the sequence on shelf edge shoals. 
High carbonate productivity during shallow marine shelf conditions lead to 
deposition of a thick section of limestone in the Upper Oligocene sequence. The 
onlapping events within the lower part of the sequence indicate that the transgression 
came mainly from the south and southwest. These onlapping events also suggest 
continuous thermal subsidence of the basin particularly in the southwest. 
6. To evaluate and analyse the history of deposition in sedimentary sequences, and to 
identify under- and over-compacted sequences in the area, a porosity analysis was carried 
out. The results of the analysis lead to the following conclusions. 
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In general, a normal pattern of porosity loss was observed in the limestones and 
shales. A rapid decrease in porosity at the shallower depths leads to a slow decrease at 
greater depths. The surface porosity is slightly higher than model porosity in the 
limestone in the some boreholes in the area. The higher porosity values are interpreted as 
a result of the development of secondary porosity through the dissolution of limestone, 
which is usually very active near the surface. 
Porosity values in the Lower Oligocene sequence show a slightly high porosity 
near the upper boundary of the sequence, higher than the normal compaction trend. An 
overpressured zone may be developed when the pore water in the rock is sealed in at the 
top of the formation. The relatively rapid sedimentation of the Upper Oligocene 
limestones may be responsible for termination of the water expulsion from the pore 
spaces in the Lower Oligocene sequence. 
The porosity-depth plots of the composite sections and individual lithologies 
generally follow published model trends. Normal compaction trends in the rocks justify 
the use of published porosity-depth curves for the purpose of decompaction in the 
backstripping analysis in the area. 
7. Results of quantitative subsidence history analysis and post-rift tectonic evaluation 
of basement subsidence across the hinge-line between the Sirte Basin and Cyrenaica 
Platform are summarised as follows: 
(I) In the eastern Sirte Basin, the subsidence rate was high in the Late Cretaceous 
period followed by an exponential decrease during later times. Total subsidence during 
the Palaeocene and younger periods was significantly less than the subsidence that 
occurred during the Late Cretaceous. Thus, tectonic subsidence in the area shows a 
generally decreasing rate of subsidence with time, as would be expected at a rift basin 
margin for which cooling and thickening of the lithosphere is the primary subsidence 
mechanism. This would indicate that the subsidence of the basin during the most of the 
Tertiary has indeed been due to thermal cooling amplified by sediment load. 
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(ii) An increase in tectonic subsidence is observed toward the southwest (towards the 
deep basin). The eastern palaeoshelf-edge of the Sirte Basin follows a NW-SE trend and 
is affected by a hinge-line with the subsidence rates increasing markedly across it. In the 
southwest, increased isostatic loading and subsidence beyond this hinge-line probably 
arose from increased crustal and whole lithosphere stretching factors. 
Seismic modelling of the Upper Eocene Wadi Bakur carbonate sequence has 
successfully matched, with reasonable agreement, the general patterns of seismic 
expressions. However, in some parts, the synthetic seismic sections show gradational 
lateral changes in amplitude whereas the actual seismic data show rapid lateral amplitude 
changes. This indicates rapid lateral variations in sedimentary facies rather than 
gradational changes. 
The detailed seismic stratigraphic interpretation of Tertiary strata in the northeastern 
Sirte Basin and western Cyrenaica Platform has shown the presence of potential 
hydrocarbon traps, which is encouraging for further hydrocarbon exploration in the area. 
The presence of various sedimentary cycles with corresponding source, reservoir, and seal 
rocks, ranging in age from Upper Cretaceous to Miocene, suggest that exploration for 
hydrocarbons in this region could be successful. Many stratigraphic traps can be 
expected, related to depositional environment. The Palaeocene sequence is probably the 
most attractive hydrocarbon reservoir in the area. The subaerial exposure of the 
Palaeocene may result in the creation of one of the best diagenetically enhanced reservoirs 
in the area. A number of Palaeocene mounds were identified in the northern part of the 
area, which are interpreted in this study as carbonate build-ups. Also, the Lower Eocene 
sequence I, and the Upper Eocene sequence are attractive prospective horizons in the area. 
12.2 Recommendations for further work 
In the preceding chapters of this thesis a lot has been written about the details of 
stratigraphy, tectonics and geological history of the Agdabia Trough and Soluq 
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Depression. The following recommendations are made to overcome the many complex 
geological problems that remained unsolved. 
Drilling of deep boreholes is required over the slope area to determine the nature 
of the seismic anomalies, which were interpreted as debris fans in the Palaeocene 
sequence. 
It would be instructive to extend this type of basin analysis to areas located on the 
hinge-line between the Sine Basin and Cyrenaica Platform to the southeast. However, the 
unavailability of data because of confidentiality and competition between operating oil 
companies makes this analysis difficult at present. 
Detailed sedimentological work on the Palaeocene sequence sediments from 
existing core material, particularly in the northeastern part of the area, would help to 
determine whether carbonate build-ups are present. 
3D-seismic survey in the area would lead to an increased understanding of the 
complex trap architectures, and possibly result in new discoveries. Relay ramp features 
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Appendix 1(a) 
FORTRAN program for calculating two-way travel time, interval and average velocities in wells. 
vELSoN ft.'{) I 
c 	'[lie prograill reads in depth di trtd the interval tiiiiisfl tune (itt) 
C 	Iroiii input hle.to calculate the instanhineous velocity, average 
c 	velocity, and to integrate the sonic interval transit lime. 
c double precision d( I 5000). i tt( 15000 ).t wt( I 5000).Va v( 150M) 
c double precision Vins( I 5000).dd( I 5000).to( I 5000).ds.ts 
c h a ractcr*20 [name 
WF i te( h , ) Give the name of the input tile 
readU.(a20)')t'naine 
Open (unit= 10.lile=fnaine 
write( *,*)' Give the name of the output file' 
read(L ,'(a20)' )l'name 
write( ','fl' Give ds.ls 
read( ' . ' )ds.ts 
open (unit= I 5.lile=inanie) 
c d = depth from the main sea level 
c 	in = interval transit time 
c twt = travel two-way time 
c Vav= average velocity 
e Vin= instantincos velocity 
c Dint= depth interval 
c ds = total depth of un-logged interval. 




20 	write(] 5,40) 
do 25 i=I,15000 









30 	format (5x,'Depth'. I 2x.'TWT', I Ox,'Vint', I 2x,Vav') 
35 	format (5x,'lèct', I 3x,'ms.',8x.'feetJsec.'.7x,'feetlsec.') 
40 	format (lx,'------------------------------------------------- 
25 	write (I 5,45)d(i),twt(i ),Vint(i),Vav(i) 





FORTRAN program for interpolating two way times and stacking velocities between shotpoint 
locations. 
pioran) VLELO-DIiVFF-l() I 
c 	his progiain desigend to interpolate the seismic reliecunti 
c velocity at the boundaries of the horizons, and use it in 
c time to depth conversion process. The velocity interpolation 
c have been done lot , a whole seismic profile. 
double precision ttwt(500), I've l(500).htwt(500),fiflt,hVel(500) 
c harac ter*20 fname 
write(*,*)' input tile name' 
read(*.(a20)')fnanie 
open (unit= I 0.11ie=fname) 




e ftwt= travel two-way times extracted from the seismic profile 
C 	 velocity function tables. 
c fvel= sesimic velocity extracted from the seismic profile 
C 	 velocity function tables. 
c htwt= two-way travel times to the horizons tops. 
c hvel= seismic velocity interpolated for each horizon. 
do 110 i= 1,50 
read (I O(ftwt(j),fveI(j).htwt(j),j= 1,12) 
do IOU k=l,12 
if(htwt(k).eq.0.0) go to 1(X) 
i f(htwt( k ). It. ftw( (I)) then 
hvel(k)=iveI( I) 
go to lOb 
end if 
do 105 m= [,I I 
if(htwt(k).ge.ftwt(m).and.htwt(k).lt.ftwt(rfl+I)) then 
fint=(fvel(m+l )-fvel(m))/(ftwt(m+ I )-ftwt(m)) 
hvel(k)=fvel(m)+fint*(htwt(k)ftwt(m)) 
go to 106 
end if 
105 continue 
06 write( 15,85) htwt(k),hvel(k) 
100 continue 
I 10 continue 






FORTRAN program for re-calculating the interval velocity within each sequence using Dix's equation. 
Program HORZDIXOI 
The program designed to calculate the interval velocity from the 
seismic reflection data within each mapped horizon at all velocity 
tables on the seismic line, using Dix equation. 
real t(500),sv(500),v(500) 
character*20 fname 
write(*,*)' input file name 
read(*,1a201)fname 
open (unit= I 0,uilc=Ihamc) 




= two-way travel time to the top of each horizon 
sv= stacking velocity at the top of each horizon 
v = interval velocity 
do 55 i= 1,500 





if(t(i+ I ).eq.O.0)goto 75 
v(i)=sqrt(((sv(i+ I )"2)"t(i+ I )_(s v(i)**2)*t(i))I(t(i+ I)-t(i))) 
write( 15,85)t(i),v(i) 







Table shows the calculation of the seismic reflection average velocity calibrated using average velocity 
data derived from well velocity surveys and sonic logs in wells; H1-41, 11-41, Ml-41, N1-41, Al-
NC129, B1-NC129, L1-41 and R141. The differences are in percents between seismic reflection (SR) 
and both well survey (WS) and sonic logging (SL) average velocities. 
Well 111-41 
Line NC129-87-24 (SF1119) 
SEQUENCES TWT SR WS SL SR-WS(%) SR-SL(%) 
Lower Miocene sq. 169.64 2709.66 2285.00 2279.21 15.67 15.89 
Upper Oligocene sq. 371.73 2904.48 2456.74 2436.73 15.42 16.10 
Lower Oligocene sq. 573.20 3044.30 2741.43 2716.91 9.95 10.75 
Upper Eocene sq. 627.39 3077.77 2797.38 2737.65 9.11 11.05 
Middle Eocene sq. 787.32 3166.69 2892.10 2881.34 8.67 9.01 
Lower Eocene sq. 1146.32 3391.11 3095.88 3087.22 8.71 8.96 
Palaeocene sq. 1360.00 3575.11 
Upper Cretaceous sq. 1540.00 3773.76  
Well 11-41 
Line NC129-87-03 (SF431) 
SEQUENCES TWT SR WS I SL SR-WS(%) SR-SL(%) 
[Lower Miocene sq. 525.26 2464.18 2212.10 1 	2635.60 10.23 -6.96 
Upper Oligocene sq. 1045.70 2580.60 2390.00 1 2779.20 7.39 -7.70 
Lower Oligocene sq. 1236.30 2629.63 2483.70 2788.10 5.55 -6.03 
Upper Eocene sq. 1477.00 2693.59 2535.00 2801.30 5.89 4.00 
Middle Eocene sq. 1592.00 2718.97 2564.10 2888.30 5.70 -6.23 
Lower Eocene sq. 1775.20 3083.94 . 3054.60 . 0.95 
Falaeocene sq. 1815.00 3176.62 . 3091.10 . 2.69 
Upper Cretaceous sq. 2075.00 3727.24 . 3254.80 12.68 
Well 11-41 
Line NC129-87-20 (SF4331 
SEQUENCES 	- TWT SR WS SL SR-WS(%) SR-SL(%) 
Lower Miocene sq. 525.26 2383.86 2212.10 2635.60 7.21 10.56 
Upper Oligocene sq. 1045.70 2485.11 2390.00 2779.20 3.83 -11.83 
Lower Oligocene sq. 1236.30 2516.15 2483.70 2788.10 1.29 -10.81 
Upper Eocene sq. 1477.00 2541.71 2535.00 2801.30 0.26 -10.21 
Middle Eocene sq. 1592.00 2594.82 2564.10 2888.30 1.18 -11.31 
Lower Eocene sq. 1775.20 2962.01 3054.60 . -3.13 
Palaeocene sq. 1815.00 3087.87 . 3091.10 . -0.10 
Upper Cretaceous sq. 1 	2075.00 3591.53 - 3254.80 - 9.38 
Well M1-41 
Line NC129-87-12 (SF837) 
SEQUENCES TWT SR WS SL SR-WS(%) SR.SL(%) 
Lower Miocene sq. 280.50 2628.25 2220.00 2818.95 15.53 -7.26 
Upper Oligocene sq. 615.86 2670.10 2425.71 2715.53 9.15 -1.70 
Lower Oligocene sq. 837.79 2756.61 2601.54 2839.84 5.63 -3.02 
Upper Eocene sq. 908.19 2782.76 2644.48 2816.96 4.97 -1.23 
Middle Eocene sq. 1034.53 2869.94 2677.57 2879.61 6.70 -0.34 
Lower Eocene sq. 1291.22 3142.72 2831.43 3063.23 9.91 2.53 
Palaeocene sq. 1590.00 3436.47 3002.93 3221.40 12.58 6.38 
Upper Cretaceous sq. 1 	1650.00 3466.43 3062.36 - 11.66 - 
Well N1-41 
Line NC129-87-19 (SP528) 
SEQUENCES TWT SR WS SL SR-WS(%) SR-SL(%) 
Lower Miocene sq. 170.76 2682.93 2510.00 2474.70 6.45 7.76 
Upper Oligocene sq. 406.47 2891.30 2597.10 2623.90 10.18 9.25 
Lower Oligocene sq. 597.03 2991.56 2635.70 2845.90 5.11 4.87 
Upper Eocene sq. 643.56 3014.06 2853.90 2624.00 5.31 6.31 
Middle Eocene sq. 766.05 3074.86 2889.40 2898.10 6.03 5.75 
Lower Eocene sq. 1162.10 3220.93 3066.60 3110.50 4.79 3.43 
Palaeocene sq. 1330.00 3328.80 3148.60 3198.30 5.41 3.92 
Upper Cretaceous sq. 1500.00 3740.45 
Well N1-41 
Line NC129-87-12 (SP1192 
SEQUENCES TWT SR WS SL SR-WS(%) SR-SL(%) 
Lower Miocene sq. 170.76 2662.91 2510.00 2474.70 6.44 7.76 
Upper Oligocene sq. 406.47 2905.25 2597.10 2623.90 10.61 9.68 
Lower Oligocene sq. 597.03 2981.57 2838.70 2645.90 4.79 4.55 
Upper E--c----e sq. 643.56 2999.48 2853.90 2824.00 4.85 5.85 
Middle Eocene sq. 1 	766.05 3055.30 2889.40 2898.10 5.43 5.15 
Lower Eocene sq. 1162.10 3221.92 3066.60 3110.50 4.82 3.46 
Palaeocene sq. 1330.00 3346.27 3148.60 3198.30 5.91 4.42 
Upper Cretaceous sq. 1500.00 3716.74  
Well A1-NC129 
Line NC129-8947 (SP569) 
SEQUENCES TWT SR WS SL SR-WS(%) I SR-SL(%) 
Lower Miocene sq. 257.53 2205.79 2289.56 1920.20 3.80 12.95 
Upper Oligocene sq. 512.96 2756.68 2375.91 2211.60 13.81 19.77 
Lower Oligocene sq. 744.66 3022.53 2653.09 2500.50 12.22 17.27 
Upper Eocene sq. 843.49 . 3183.79 2681.33 2520.20 15.78 20.84 
Middle Eocene sq. 925.37 3292.90 2720.22 2601.79 17.39 20.99 
Lower Eocene sq. 1228.75 3375.74 3001.55 2870.13 11.08 14.95 
Palaeocene sq. 1341.37 3380.65 3096.90 2960.49 8.39 12.43 
Upper Cretaceous sq. 1 	1511.76 3339.02 - . - 
Well B1-NC129 
Line-NC1298965S4SF61 0) 
SEQUENCES TWT SR WS SL SR-WS(%) SR.SL(%) 
Lower Miocene sq. 360.49 2406.99 2333.54 2177.90 3.05 9.52 
Upper Oligocene sq. 666.25 2809.12 2469.03 2414.80 11.39 14.04 
Lower Oligocene sq. 901.66 2800.25 2655.12 2621.00 5.18 6.40 
Upper Eocene sq. 1046.12 3075.10 2681.62 2648.60 12.80 13.87 
Middle Eocene sq. 1143.73 3413.50 2773.01 2740.80 18.76 19.71 
Lower Eocene sq. 1382.61 3607.35 2975.11 2971.90 17.53 17.62 
Palaeocene sq. 1460.89 1 	3695.61 3093.53 3069.60 16.29 16.94 





SEQUENCES 	TWT SR WS SL SR-WS(%) SR-SL(%) 
Lower Miocene sq. 256.15 2365.26 2346.83 - 0.78 - 
Upper Oligocene sq. 488.21 2668.84 2410.47 2400.48 9.68 10.06 
Lower Oligocene sq. 739.84 2845.04 2670.08 2712.19 6.15 4.67 
Upper Eocene sq. 862.60 3079.25 2728.39 2736.24 11.39 11.14 
Middle Eocene sq. 936.55 3250.45 2788.79 2806.43 14.20 13.66 
Lower Eocene sq. 1294.81 3422.57 3014.81 3046.72 11.91 10.98 
Falacocene sq. 1380.77 3520.34 3082.39 - 12.44 




SEQUENCES 	I TWT SR WS SL SR-WS(%) SR-SL(%) 
Lower Miocene sq. 386.03 2322.36 2170.06 2286.37 6.56 1.55 
Upper Oligocene sq. 669.06 2553.18 2340.89 2756.53 8.31 -7.96 
Lower Oligocene sq. 889.95 2934.98 2494.51 2898.18 15.01 1.25 
Upper Eocene sq. 986.50 3185.55 2583.35 2934.34 18.90 7.89 
Middle Eocene sq. 1052.16 3334.55 1 	2661.31 1 	2985.05 20.19 10.48 
Lower Eocene sq. 1308.07 3511.63 2924.06 . 16.73 
Palaeocene sq. 1389.19 3753.68 3003.53 . 19.98 
Upper Cretaceous sq. 1601.93 4014.29 
ERIFA 
Appendix 1(e) 
Table shows the calculation of the seismic reflection interval velocity calibrated using interval velocity 
data derived from well velocity surveys and sonic logging in wells; H141, 1141, M1-41, N141, Al-
NC129, BI-NC129, L1-41 and R1-41. The difference in percent between seismic reflection (SR) and 
both well survey (WS) and sonic logging (SL) interval velocities. 
Well H1-41 
Line-NC129-87-24 (SP11 19) 
SEQUENCES TWT SR WS SL SR-WS(%) I SR-SL(%) 
Middle Miocene Sq. 0.00 2667.30 2285.00 2287.30 14.33 14.25 
Lower Miocene sq. 169.64 3003.60 2596.01 2561.63 13.57 14.71 
Upper Oligocene sq. 371.73 3229.50 3201.66 3166.60 0.66 1.95 
Lower Oligocene sq. 573.20 3361.40 3343.91 2989.29 0.52 11.07 
Upper Eocene sq. 627.39 3472.20 3239.97 3375.17 6.69 2.79 
Middle Eocene sq. 787.32 3759.10 3498.95 3498.02 6.92 6.95 
Lower Eocene sq. 1146.30 4133.50 3777.71 4012.99 8.61 3.00 
Palaeocene sq. 1360.00 4606.70 - - . - 
Well 11-41 
Line NC129-87-03 (SF4311 
SEQUENCES 	- TWT SR WS SL SR-WS(%) SR-SL(%) 
Middle Miocene Sq. 1 	0.00 1 	2447.40 2212.10 2635.60 9.61 -7.69 
Lower Miocene sq. 525.26 2635.20 2557.10 2917.00 2.96 -10.69 
Upper Oligocene sq. 1045.70 2826.40 2945.10 2836.40 4.20 -0.35 
Lower Oligocene sq. 1236.30 2940.80 2783.20 2868.10 5.36 2.47 
Upper Eocene sq. 1477.00 3025.50 2913.20 3834.00 3.71 -26.72 
Middle Eocene sq. 1592.00 4127.40 - 4233.10 . -2.56 
Lower Eocene sq. 1775.20 4334.00 4422.70 . -2.05 
,
Palaeocene sq. 1815.00 5106.00 - 4224.40 1 	- 17,27 
Well 11-41 
Line NC129-87-20 (SP433) 
SEQUENCES TAT SR WS SL SR.WS(%) SR-SL(%) 
Middle Miocene Sq. 0.00 2368.80 2212.10 2635.60 6.62 11.26 
Lower Miocene sq. 525.26 2514.40 2557.10 2917.00 -1.70 -16.01 
Upper Oligocene sq. 1045.70 2607.70 2945.10 2836.40 -12.94 -8.77 
Lower Oligocene sq. 1236.30 2644.80 2783.20 2868.10 -5.23 -8.44 
Upper Eocene sq. 1477.00 2856.70 2913.20 3834.00 -1.98 -34.21 
Middle Eocene sq. 1592.00 4143.00 - 4233.10 - -2.17 
Lower Eocene sq. 1775.20 5355.70 - 4422.70 - 17.42 
Palaeocene sq. 1815.00 4958.40 - 4224.40 - 14.80 
Well M1-41 
Line NC129-87-12 (SF837) 
SEQUENCES TWT SR WS SL SR-WS(%) SR-SL(%) 
Middle Miocene Sq. 0.00 2423.10 2220.00 2819.00 8.38 -16.34 
Lower Miocene sq. 280.50 2685.90 2585.21 2625.80 3.75 2.24 
Upper Oligocene sq. 615.86 2902.60 3036.50 3159.20 4.61 -8.84 
Lower Oligocene sq. 837.79 2998.30 3110.93 2529.90 -3.76 15.62 
Upper Eocene sq. 908.19 3298.60 2904.51 3294.90 11.95 0.11 
Middle Eocene sq. 1034.53 3709.10 3381.03 3712.20 8.84 -0.08 
Lower Eocene sq. 1291.22 4042.40 3614.33 1 	3908.30 10.59 3.32 
Palaeocene sq. 1590.00 4037.80 4352.21 1 4073.91 .7.79 -0.89 
458 
Well N1-41 
Line NC129-87-19 (5P528) 
SEQUENCES TWI' SR WS SL SR-WS(%) SR-SL(%) 
Middle Miocene Sq. 0.00 2657.64 2510.00 2474.70 5.56 6.88 
Lower Miocene sq. 170.76 2958.27 2658.40 2726.90 10.14 7.82 
Upper Oligocene sq. 406.47 3126.00 3295.40 3269.40 5.42 -4.59 
Lower Oligocene sq. 597.03 3225.51 3042.20 2526.20 5.68 21.68 
Upper Eocene sq. 643.56 3335.18 3069.20 3259.90 7.98 2.26 
Middle Eocene sq. 766.05 3458.83 3383.10 3484.80 2.19 0.75 
Lower Eocene sq. 1162.10 3885.05 3675.80 3787.50 5.39 2.51 
Palaeocene sq. 1330.00 5444.21 
Well N1-41 
Line NC129-87-12 (SP1192) 
SEQUENCES TVVT SR WS SL SR.WS(%) SR.SL(%) 
Middle Miocene Sq. 0.00 2670.37 2510.00 2474.70 6.01 7.33 
Lower Miocene sq. 170.76 2970.45 2658.40 2726.90 10.51 8.20 
Upper Oligocene sq. 406.47 3103.82 3295.40 3269.40 -6.17 5.33 
Lower Oligocene sq. 597.03 3199.56 3042.20 2526.20 4.92 21.05 
Upper Eocene sq. 643.56 3316.32 3069.20 3259.90 7.45 1.70 
Middle Eocene sq. 766.05 3472.91 3383.10 3484.80 2.59  
Lower Eocene sq. 1162.10 3985.09 3675.80 3787.50 7.76 4.96 
Palaeocene sq. 1330.00 5340.40  
Well A1-NC129 
LINE NC129-89-47 (SP569) 
SEQUENCES TWT SR WS SL SR.WS% SR.SL% 
Middle Miocene Sq. 0.00 2205.79 2289.56 1920.20 3.80 12.95 
Lower Miocene sq. 257.53 2739.55 2459.89 2470.83 10.21 9.81 
Upper Oligocene sq. 512.98 3155.99 3182.04 3044.13 -0.83 3.54 
Lower Oligocene sq. 744.66 3350.66 2885.25 2667.59 13.89 20.39 
Upper Eocene sq. 843.49 3488.88 3092.52 3324.33 11.36 4.72 
Middle Eocene sq. 925.37 3586.88 3730.83 3566.00 4.01 0.58 
Lower Eocene sq. 1228.75 3393.78 3991.92 3809.52 -17.62 -12.25 
Palaeocene sq. 1341.37 3198.95 
Well B1-NC129 
Line NC129-89-65S (SP610) 
SEQUENCES TWT SR WS SL SR-WS% SR.SL% 
Middle Miocene Sq. 0.00 2406.99 2333.54 2177.90 3.05 9.52 
Lower Miocene sq. 380.49 2796.47 2682.12 2698.13 4.09 3.52 
Upper Oligocene sq. 866.25 2795.19 3076.97 3131.85 10.08 12.04 
Lower Oligocene sq. 901.66 3394.17 2841.44 2814.76 16.28 17.07 
Upper Eocene sq. 1046.12 4043.78 3609.97 3582.90 10.73 11.40 
Middle Eocene sq. 1143.73 4114.89 3796.52 3892.72 7.74 5.40 
Lower Eocene sq. 1382.61 3959.76 4718.35 4455.06 1 	-19.16 -12.51 
Palaeocene sq. 1460.89 1 	5297.11 
459 
Well LI -41 
LINE NC129-89-46 (SP664) 
SEQUENCES TWT SR WS SL SR-WS% SR-SL% 
Middle Miocene Sq. 0.00 2365.26 - - - 
Lower Miocene sq. 256.15 2650.37 2478.83 - 6.47 
Upper Oligocene sq. 488.21 2937.50 3112.60 3232.34 5.96 10.04 
Lower Oligocene sq. 739.84 3314.89 3056.35 2876.88 7.80 13.21 
Upper Eocene sq. 862.60 3545.02 3415.40 3523.43 3.66 0.61 
Middle Eocene sq. 936.55 3853.86 3538.08 3599.89 8.19 6.59 
Lower Eocene sq. 1294.81 3768.25 - 3576.85 - 5.08 
Palaeocene sq. 1380.77 4123.22 . . - 
Well R1-41 
Line NC129-89-65 (SP939) 
SEQUENCES 	- TWT SR WS SL SR-WS% SR-SL% 
Middle Miocene Sq. 0.00 2322.36 - 2286.37 1.55 
Lower Miocene sq. 386.03 2541.15 2555.56 3291.24 0.57 29.52 
Upper Oligocene sq. 669.06 3155.27 2910.75 3290.23 7.75 -4.28 
Lower Oligocene sq. 889.95 3482.61 3291.16 3248.72 5.50 6.72 
Upper Eocene sq. 986.50 3628.34 3636.83 3663.49 -0.23 -0.97 
Middle Eocene sq. 1052.16 4005.00 3818.86 - 4.65 
Lower Eocene sq. 1308.07 4490.87 4076.42 - 9.23 - 
Palaeocene sq. 1389.19 5007.00 . 
- I 	- 
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Appendix 2(a) 
Well information used in the backstripping. 
Well 11-41 
Rock unit Age(Ma) Lithoiogy Porosity(%) Depth(m) Thickness(m) Palaeobathy.(m) 
L-M-Miocene seq. 23.3 L.st&Sh 42.5 0 1271 50-100 
U-Oligocene seq. 29.3 Limestone 25 1271 288 50-100 
L-Oiigocene seq. 35.4 Shale 42 1559 271 50-150 
U-Eocene seq. 38.6 Sh & Marl 321 1830 303 50-150 
M-Eocene seq. 50 Limestone 14.6 2133 471 50-150 
L-Eocene seq. 56.5 Doi & Sh 16.6 2604 21 0-150 
Palaeocene seq. 65 Dolomite 15.5 2625 546 0-100 
U-Cretaceous seq. 97 Limestone 20.8 3171 1117+ 0-100 
Well M1-41 
Rock unit Age(Ma) Litl,oiogy I Porosity(l) I Depth(m)l Thickness(M) Paiaeobathy.(m) 
L-M-Miocene seq. 23 L.st&Sh 426 0 873 50-100 
IJ-Oligocene seq. 29.3 Limestone 30.5 873 271 50-100 
L-Oiigocene seq. 35.4 Shale 41.7 1144 155 50-150 
U-Eocene seq. 38.6 L.st & Sh 22 1299 218 50-150 
M-Eocene seq. 50 Limestone 21.4 1517 655 50150 
L-Eocene seq. 56.5 L.st&Sh 20.7 2172 277 50150 
Palaeocene seq. 65 Limestone 11.9 2449 49 0-100 
U-Cretaceous seq. 97 Limestone 15 2498 - 0-100 
Well H1-41 
Rock unit Age(Ma) Lithoiogy Porosity(%) Depth(m) Thickness(m) Palaeobathy.(m) 
L-M-Miocene seq. 23.3 L.st&Sh 49.9 0 419 50-100 
U-Oiigocene seq. 29.3 Limestone 36.9 419 423 50-100 
L-Oiigocene seq. 35.4 Sh & L.st 27.2 842 86 50-150 
U-Eocene seq. 38.6 Limestone 28.6 928 188 50-150 
M-Eocene seq. 50 Limestone 25.8 1116 819 50-150 
L-Eocene seq. 56.5 Lst&Sh 16.7 1935 242 50-150 
Palaeocene seq. 65 Dol& L.st - 2177 348 0-100 
U-Cretaceous seq. 97 - - - - - 
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Appendix 2(a) Continued 
Well N1-41 
Rock unit Age(Ma) Lithology Porosity(%) Depth(m) Thickness(m) Palaeobathy.(m) 
L-M-Mlocene seq. 23.3 Limestone 46.6 0 410 50-100 
li-Oligocene seq. 29.3 Limestone 33.6 410 443 50-100 
L-Oligocene seq. 35.4 Shale 31.8 853 118 50-150 
U-Eocene seq. 38.6 L.st& Sh 25.7 971 137 50-150 
M-Eocene seq. 50 Limestone 28.8 1108 639 50-150 
L-Eocene seq. 56.5 L.st & Sh 22.3 1747 418 50-150 
Palaeocene seq. 65 Dolomite 2.9 2165 453 0-100 
U-Cretaceous seq. 97 - - - - 
Well Al -NC 29 
Rock unit 1 Age(Ma) L it- oiogy 'Potosity(%f Depth(m) Thickness(m) Palaeobathy.(m) 
L-M-Miocene seq. 23.3 L.st& Sh 52.7 0 580 50-100 
U-Oligocene seq. 29.3 Limestone 32.7 580 407 50-100 
L-Oiigocene seq. 35.4 Sh & L.st 39.8 987 111 50-150 
U-Eocene seq. 38.6 Limestone 28.2 1098 147 50-150 
M-Eocene seq. 50 Limestone 24.4 1245 594 50-150 
L-Eocene seq. 56.5 Limestone 20 1839 192 50-150 
Palaeocene seq. 65 Dolomite 6.1 2031 435 0-100 
LI-Cretaceous seq. 	1 97 fimestone 11.9 2466 >1457 0-100 
Well B1-NC129 
Rock unit Age(Ma) Lithology Porosity(91) Depth(m) Thickness(m) Palaeobathy.(m) 
L-M-MIocene seq. 23.3 L.st& Sh 46.4 0 814 50-100 
U-Oiigocene seq. 29.3 Limestone 31.9 814 388 50-100 
L-Oligocene seq. 35.4 Shale 32.4 1202 188 50-150 
U-Eocene seq. 38.6 Limestone 25.2 1390 197 50-150 
M-Eocene seq. 50 Limestone 18.9 1587 493 50-150 
L-Eocene seq. 56.5 L.st& Marl 13.2 2080 117 50-150 
Pa!aeocene seq. 65 Dolomite 5.4 2197 390 0-100 
LJ-Cretaceous seq. - - - - - - 
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Appendix 2(a) Continued 
Well C1-41 
Rock unit Age(Ma) Lithology Poroslty(%) Depth(m) Thickness(m) Palaeobathy.(m) 
L-M-Mlocene seq. 23.3 L.st& Sb 45 0 879 50-100 
U-Oligocene seq. 293 Limestone 36.6 879 373 50100 
L-Oilgocene seq. 35.4 Shale 37.9 1252 179 50-150 
U-Eocene seq. 38.6 Limestone 20.7 1431 163 50-150 
M-Eocene seq. 50 Limestone 17.7 1594 495 50-150 
L-Eocene seq. 56.5 Limestone 13.6 2089 168 50-150 
Palaeocene seq. 65 Dolomite 6.6 2257 390 0-100 
U-Cretaceous seq. 97 Dolomite - 2647 - 0-100 
Well L1-41 
Rock unit Age(Ma.) Llthoiogy I Poroslty(%) I Depth(m) Thickness(M) Palaeobatby. (m) 
L-M-Mlocene seq. 223 L.st& Sb 53.9 0 564 50-100 
U-011gocene seq. 29.3 Limestone 30.4 564 441 50-100 
L-Oiigocene seq. 35.4 Shale 38.5 1005 132 50-150 
U-Eocene seq. 38.6 Limestone 27.7 1137 142 50-150 
M-Eocene seq. 50 Limestone 23.8 1279 678 50-150 
L-Eocene seq. 56.5 Limestone 195 1957 133 50-150 
Palaeocene seq. 65 L.st & Do! - 2090 435 0-100 
IJ-Cretaceous seq. - - - - - - 
Well R1-41 
Rock unit Age(Ma) Lithology Porosity(%) Depth(m) Thlckness(m) Paiaeobathy.(m) 
L-M-Miocene seq. 23.3 L.st& Sb 32.9 0 971 50400 
U-Oilgocene seq. 29.3 Limestone 28.8 971 156 50-100 
L-Oiigocene seq. 35.4 Shale 20.9 1127 142 50-150 
U-Eocene seq. 38.6 Limestone 31.5 1269 124 50-150 
M-Eocene seq. 50 Limestone 25.3 1393 561 50-150 
L-Eocene seq. 56.5 Limestone - 1954 149 50-150 
Palaeocene seq. 65 Dolomite . 2103 435 0-100 
U-Cretaceous seq. - - - - 
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Appendix 2(b) 
Data for seven pseudo-wells used in the backstripping. 
well PW-1 	(SP325, Line NC129-87-08) 
Rock Unit Age(ma) Lithology T WT(ms) Vav(m/s) Depth(m) Thick(m) palaeobathy.(m) 
L-M- Miocene seq. 23.3 L.st&Sh 0 - 0 1540 50-100 
Up-Oligocene seq. 29.3 Limestone 1344 2291 1540 422 50-100 
L-Oligocene seq. 35.4 Shale 1612 2434 1962 684 50-150 
U-Eocene seq. 38.6 Sh & Marl 2100 2519 2645 289 50-150 
M-Eocene seq. 50 Limestone 2230 2632 2934 517 50-150 
L-Eocene seq. 56.5 Vol & Sb 2380 2900 3451 697 50-150 
Paleocene seq. 65 Dolomite 2517 3296 4148 798 0-100 
U-Cretaceous seq. 97 Limestone 2899 3412 4946 - 0-100 
Well PW-2 	(SP643, Line NC129-87-08) 
'Rock Unit IAgema Lithology T WT(ins) Vav(m/s) Depth,(m) Thick.(m) IPthY.(m) 
L-M- Miocene seq. 23.3 L.st&Sh 0 - 1008 50-100 
Up-Oligocene seq. 29.3 Limestone 870 2317 1008 311 50-100 
L-Oligocene seq. 35.4 Shale 1045 2525 1319 215 50450 
LJ-Eocene seq. 38.6 L.st& Sh 1168 2627 1534 228 50-150 
M-Eocene seq. 50 Limestone 1297 2717 1762 340 50450 
L-Eocene seq. 56.5 L.st&Sh 1485 2832 2102 845 50-150 
Paleocene seq. 65 Limestone 1896 3108 2946 479 0100 
U-Cretaceous seq. 97 Limestone 2214 3095 3426 - 0-100 
Well PW-3 	(SP237. Line NC129-87-24) 
Rock Unit Age(ma) Lithology T WT(ms) Vav(m/s) Depth,(m) Thick. (m) palaeobathy.(m) 
L-M­ Miocene seq. 23.3 L.st&Sh 0 - 1506 50-100 
Up-Oligocene seq. 29.3 Limestone 1297 2324 1506 426 50-100 
L-Oligocene seq. 35.4 Shale 1578 2449 1932 595 50-150 
U-Eocene seq. 38.6 Sb & Marl 2020 2502 2527 266 50150 
M-Eocene seq. 50 Limestone 2150 2598 2793 517 50-150 
L-Eocene seq. 56.5 Vol & Sh 2330 2842 3310 896 50-150 
Paleocene seq. 65 Dolomite 2510 3351 4206 961 0-100 
U-Cretaceous seq. 97 Limestone 2865 3607 5167 - 0-100 
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Appendix 2(b) Continued 
Well PW-4 	(SP362, Line N0129-87-24) 
Rock Unit Age(ma) Lithology T WT(ms) Vav(m/s) Depth,(m) Thick(m) palaeobathy.(m) 
L-M- Miocene seq. 23.3 L.st&Sh 0 - 0 1212 50-100 
Up-Oligocene seq. 29.3 Limestone 1060 2287 1212 342 50-100 
L-Oligocene seq. 35.4 Shale 1280 2429 1554 315 50-150 
U-Eocene seq. 38.6 Sh& Marl 1510 2476 1870 230 50-150 
M-Eocene seq. 50 Limestone 1665 2522 2099 419 50-150 
L-Eocene seq. 56.5 Doi & Sh 1855 2716 2519 260 0-150 
Paleocene seq. 65 Dolomite 1940 2865 2779 948 0-100 
U-Cretaceous seq. 97 Limestone 2290 3254 3726 - 0-100 
Well PW-5 	(SP552, Line NC129-87-24) 
Rock Unit IAge(ma) Lithology T WT(ms) Vav(r/s) Deoth. (m) I Thick. (m) palaeohathy.(m) 
L-M- Miocene seq. 23.3 L.st&Sh Q - o 983 50-100 
Up-Oligocene seq. 29.3 Limestone 822 2391 983 323 50-100 
L-Oligocene seq. 35.4 Shale 1008 2591 1306 211 50-150 
LJ-Eocene seq. 38.6 L.st&Sh 1144 2653 1518 177 50-150 
M-Eocene seq. 50 Limestone 1256 2698 1695 295 50-150 
L-Eocene seq. 56.5 L.st&Sh 1445 2755 1990 810 50-150 
Paleocene seq. 65 Limestone 1685 3324 2801 456 0-100 
IJ-Cretaceous seq. 97 Limestone 1940 3358 3257 - 0-100 
Well PW-6 	(8P714, Line NC129-87-24) 
Rock Unit Age(ma) Lithology T WT(ms) Vav(m/s) Depth,(m) Thick.(m) palaeobathy.(n) 
L-M- Miocene seq. 23 L.st&Sh Q - 0 891 50-100 
Up-Oligocene seq. 29.3 Limestone 705 2530 891 238 50-100 
L-Oligocene seq. 35.4 Shale 842 2682 1129 201 50450 
U-Eocene seq. 38.6 Lst & Sh 975 2729 1330 201 50-150 
M-Eocene seq. 50 Limestone 1095 2796 1531 440 50-150 
L-Eocene seq. 56.5 L.st&Sh 1333 2958 1971 552 50-150 
Paleocene seq. 65 Limestone 1570 3214 2523 264 0-100 
U-Cretaceous seq. 97 Limestone 1760 3167 2787 - 0-100 
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Appendix 2(b) Continued 
Well PW-7 	(SP868, Line NC129-87-24) 
Rock Unit Age(ma) Lithology T WT(ms) Vav(mls) Depth,(m) Thick.(m) Palaeopathy(m) 
L-M- Miocene seq. 23.3 L.st&Sh Q - 668 50-100 
Up-Oligocene seq. 29.3 Limestone 520 2570 668 306 50-100 
L-Oligocene seq. 35.4 Sh & L.st 710 2746 975 80 50-150 
U-Eocene seq. 38.6 limestone 760 2776 1055 185 50-150 
M-Eocene seq. 50 Limestone 875 2833 1240 590 50-150 
L-Eocene seq. 56.5 L.st&Sh 1203 3042 1830 430 50450 
Paleocene seq. 65 dol&Sh 1412 3201 2260 304 0-100 
U-Cretaceous seq. 97 Limestone 1620 3166 2564 - 0-100 
466 
